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Foreword 


WITHIN  recent  years  the  internal-combustion  motor  and 
the  self-propelled  vehicle  have  become  such  important 
factors  in  the  evolution  of  industrial,  commercial,  and  social  life, 
that  a  distinct  need  has  been  created  for  an  authoritative  work 
of  reference  on  this  subject.  Such  a  work  should  treat  of  the 
results  and  methods  of  the  latest  approved  practice  in  the  con¬ 
struction,  care,  and  operation  of  the  various  types  of  motor  cars 
and  other  vehicles  driven  by  gas,  electricity,  and  steam,  and  of 
the  allied  branches  of  this  rapidly  developing  field  of  apparently 
unlimited  possibilities.  It  is  the  purpose  of  the  Cyclopedia  of 
Automobile  Engineering  to  fill  this  acknowledged  need. 

C.  The  application  of  the  internal -combustion  motor,  the 
electric  motor,  the  storage  battery,  and  the  steam  engine  to  the 
development  of  types  of  mechanically-propelled  road  carriages 
and  motor  boats,  is  a  far-reaching  engineering  problem  of  great 
difficulty.  Nevertheless,  through  the  aid  of  the  best- scientific 
and  mechanical  minds  in  this  and  other  countries,  every  detail 
has  received  the  amount  of  attention  necessary  to  make  it  as 
perfect  as  possible.  Today  the  automobile  is  a  wonderfully 
reliable  and  efficient  machine.  Road  troubles,  except  in  connec¬ 
tion  with  tires,  have  become  almost  negligible  and  even  the  in¬ 
experienced  novice,  who  knows  barely  enough  to  keep  to  the  road 
and  shift  gears  properly,  can  venture  on  long  touring  trips  with¬ 
out  fear  of  getting  stranded.  Astonishing  refinements  in  the 
ignition,  starting  and  lighting  systems  have  been  lately  effected, 
thus  adding  not  only  to  the  reliability  of  the  electrical  equip- 


ment  of  the  automobile  but  adding  greatly  to  the  pleasure  in 
running  the  car.  With  the  possibility  of  extending  the  electrical 
control  to  the  shifting  of  gears  and  other  important  functions, 
the  electric  current  assumes  a  much  more  important  position  in 
connection  with  the  gasoline  automobile  than  heretofore.  Alto¬ 
gether,  the  automobile  as  a  whole  has  become  standardized  and, 
unless  some  unforeseen  developments  are  brought  about,  future 
changes  in  either  the  gasoline  or  the  electric  automobile  will  be 
merely  along  the  line  of  greater  refinement  of  the  mechanical 
and  electrical  devices  used. 

€L  Special  effort  has  been  made  to  emphasize  the  treatment  of 
the  Electrical  Equipment  of  gasoline  cars,  not  only  because  it  is 
in  this  direction  that  most  of  the  improvements  have  lately  taken 
place,  but  also  because  this  department  of  automobile  construc¬ 
tion  is  least  familiar  to  owners,  repair  men  and  others  interested 
in  the  details  of  the  automobile.  A  multitude  of  diagrams  have 
been  supplied  showing  the  constructive  features  and  wiring  cir¬ 
cuits  of  the  principal  systems.  In  addition  to  this  instructive 
section,  much  valuable  information  to  garage  and  repair  men 
has  been  included  in  connection  with  the  analysis  of  the  de¬ 
tails  of  the  car. 

C.  For  purposes  of  ready  reference  and  timely  information  so 
frequently  needed  in  automobile  operation  and  repair,  it  is 
believed  that  these  volumes  will  be  found  to  meet  every  re¬ 
quirement. 

C.  Grateful  acknowledgment  is  due  the  corps  of  authors  and 
collaborators  —  engineers  of  wide  practical  experience,  and 
teachers  of  well-recognized  ability —without  whose  co-operation 
this  work  would  have  been  impossible. 
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GASOLINE  AUTOMOBILES 

PART  IV 


FRAMES 

General  Characteristics.  Every  automobile  has  a  frame  of 
some  sort,  although  not  always  called  by  that  name.  Its  function  is 
to  carry  the  power  plant  and  powTer-transmitting  units,  being  itself 
supported  on  the  springs,  which  are,  in  turn,  fixed  to  the  axles.  The 
fact  that  the  springs  are  flexible,  so  as  to  allow  for  road  and  other 
inequalities,  makes  it  necessary  for  the  power-transmitting  apparatus 
to  be  flexibly  connected  with  the  rear  axle  (in  the  usual  case)  or 
with  the  wheels,  so  as  to  drive  the  car  and  still  be  effective  during 
the  motion  of  the  frame  over  obstacles  in  the  road.  This,  however, 
is  not  so  formidable  a  task  as  it  seems. 

In  carrying  the  power  units,  the  nature  and  type  of  frame  to  be 
employed  will  depend  in  a  measure  upon  the  nature  and  type  of  the 
power  units,  as  any  change  in  one  calls  for  a  change  in  the  other. 
Thus,  it  becomes  necessary  either  to  design  the  engine  and  the  frame 
with  reference  to  each  other,  or  else  to  design  one,  say  the  engine, 
first,  and  then  modify  the  other  to  comply  with  its  requirements. 

Frames  vary,  also,  with  the  nature  of  the  service  for  which  the 
car  is  intended ;  thus  a  heavy  truck  or  other  commercial  car  will  have 
a  stiff,  strong  frame  of  widely  different  construction  from  that  of  a 
light-weight  pleasure  car,  the  frame  of  which  must  be  springy  and 
resilient  to  absorb  road  shocks.  The  former,  too,  need  not  be  of 
any  given  weight  or  size,  the  usual  rule  being  to  make  it  of  compara¬ 
tively  low-priced  material  and  to  use  a  quantity  of  it.  In  the  fast 
touring  car,  however,  the  weight  factor  enters  in,  to  a  large  degree, 
since  the  greater  the  weight  the  less  the  speed,  and  speed  seems  to 
be  the  desired  quality.  For  this  reason,  pleasure  cars  have  frames 
of  lighter,  stronger  materials,  a  shape  being  selected  which  will  give 
the  greatest  strength  with  the  least  weight  of  material. 

Classes  of  Frames.  Thus,  with  reference  to  the  different  uses  to 
which  the  automobile  frame  may  be  put,  all  frames  may  be  divided 
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as  to  materials  into  two  classes,  wood  and  steel.  Wood  frames  may 
be  divided  into  sub-classes,  according  to  section  and  nature  of  con¬ 
struction,  and  may  be  specified  as  single  solid  beam;  laminated; 
laminated  with  steel  plate  in  the  center  (also  called  a  sandwich 
beam) ;  armored  wood  (that  is,  wood  with  a  steel  plate  on  the  outside 
or  inside,  or  a  steel  shape  other  than  a  plate  on  the  outside  or  inside) ; 
armored  pressed  steel  (that  is,  pressed-steel  shapes  of  any  section 
whatever,  filled  with  wood),  and  combinations  of  any  two  or  more 
of  these.  Steel  frames  are  of  either  pressed  or  rolled  steel,  according 
to  section,  nature  of  use,  and  first  cost,  and  the  members  are  made 
in  any  one  of  the  following  distinctive  shapes:  channel,  I-beam, 
angle,  T,  Z,  tubing,  flat  plates,  and  combinations  of  any  two  or 
more  of  these.  There  are  also  many  other  possible  forms;  for 
instance,  the  channel  may  be  turned  with  the  open  side  in  or  out, 
the  two  constructions  being  widely  different,  or  the  angle  may  have 
the  corner  down  and  out,  down  and  in,  up  and  out,  or  up  and  in. 
Similarly  the  T-shape  may  be  a  solid  T  turned  up  or  down,  or  it 
may  be  a  hollow  T-section  with  space  between  what  might  be  called 
the  two  sides  of  the  leg,  this  being  turned  either  up  or  down,  while 
the  Z-shape  may  be  turned  either  horizontally  or  vertically. 

The  frame  made  of  tubing  may  be  of  square,  round,  oval,  or 
rectangular  section,  and,  in  the  case  of  the  oval  and  rectangular,  the 
shape  may  be  turned  either  up  or  down.  When  flat  plates  are  used, 
they  may  be  turned  up  or  down,  assuming  in  the  latter  case  the  form 
of  springs,  as  in  the  old  Knox  and  Oldsmobile  cars,  in  which  the  side 
frame  was  formed  by  the  springs,  the  whole  being  very  long  and  acting 
as  a  front  spring  at  the  front,  as  a  rear  spring  at  the  back,  and  as  a 
frame  in  between.  There  are  also  all  the  possible  combinations  of 
the  steel  and  wood  shapes,  aside  from  those  previously  mentioned 
under  sandwich  plates  and  armored  wood,  while  the  modern  wide¬ 
spread  tendency  to  use  pressed  steel  has  resulted  in  the  making  of 
many  special  shapes,  which  are  in  reality  only  a  combination  of  some 
two  of  the  steel  shapes  named,  the  nature  of  the  work  of  pressing 
them,  however,  being  such  as  to  make  the  two  in  one  piece.  Thus, 
to  illustrate,  many  frames  are  made  of  a  channel  section  with  the 
open  side  in.  These  same  cars  use  a  steel  underpan  of  flat  section 
attached  to  the  under  side  of  the  main  frame  channel.  Of  late, 
the  tendency  has  been  to  make  these  two  as  one  piece,  in  which  case 
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the  frame  section  assumes  the  shape  of  a  channel  with  one  exceed¬ 
ingly  long  lower  flange. 

A  further  division  might  be  made  among  the  steel  frames,  viz, 
those  which  have  a  continuous  section  throughout,  and  those  which 
have  a  varying  section.  Thus,  the  ordinary  pressed  steel  frame  of 
modified  channel  section  may  have  a  depth  at  the  center  of  perhaps 
5  inches,  a  width  of  upper  flange  of  1J  inches,  and  a  width  of  lower 
flange  of  2  inches.  Now  a  frame  like  this  would  taper  down  at  the 
ends  to  perhaps  2  inches  in  vertical  height  and  1  inch  in  width  of  both 
top  and  bottom  flanges.  Then,  too,  frames  which  are  bent  upward 
or  downward  at  the  ends  or  in  the  middle  really  differ  from  those 
frames  which  preserve  one  level  from  end  to  end.  Of  late  this  bend¬ 
ing  of  the  chassis  frame  has  become  very  common,  the  upturning  of 
the  two  ends  bringing  about  a  lowered  center  of  gravity  of  the  whole 
vehicle,  thus  giving  it  more  stability  and  a  shorter  step  upward  to 


Fig.  209.  Typical  Automobile  Frame  of  Pressed  Steel 


enter  the  car.  All  this  and  more,  without  altering  the  vehicle  other¬ 
wise  or  introducing  any  complications,  has  resulted  in  the  well-nigh 
universal  use  of  the  dropped  frame. 

Thus,  Fig.  209  shows  a  frame  with  what  is  called  a  single  drop 
or  sometimes  a  kick-up.  This  is  a  pressed-steel  frame  of  channel 
section,  the  section  tapering  off  at  the  ends,  as  previously  described, 
the  deepest  and  strongest  section  being  in  the  center,  where  the  load 
is  greatest  and  the  work  the  most  severe.  There  are  frames 
with  what  is  called  a  double  drop,  consisting  of  a  downward  bend 
just  forward  of  the  entrance  to  the  rear  part  of  the  ear  body,  fol¬ 
lowed  by  an  upward  turn  just  back  of  this  same  entrance.  The 
upward  turn  at  the  back  is  carried  higher  than  the  main  part  of  the 
frame  for  the  purpose  of  lowering  the  center  of  gravity. 

In  speaking  of  bends  in  the  frame,  nothing  was  said  about  a  bend 
inward,  but  many  modern  cars  employ  this  for  increasing  the  steering 
lock.  This  allows  the  steering  wheels  to  turn  further  inward  before 
touching  the  frame,  and  permits  the  car  to  turn  around  in  a  smaller 
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circle.  Originally  frames  were  narrowed  in  at  the  front,  the  difference 
in  the  width  between  front  and  rear  being  at  first  an  inch  or  two  on 
each  side,  gradually  increasing  until  the  difference  in  width  became 
5  or  6  inches.  Then  it  was  realized  that  this  was  a  very  weak  form 
and  the  tendency  was  toward  a  narrowed  front  with  tapering  sides 
and  a  straight  rear.  This,  in  turn,  is  now  being  followed  by  the 
simpler  form  which  has  a  straight  taper  from  front  to  rear,  gradually 
widening  out  from  end  to  end. 

Another  form  of  bend  to  be  found  in  a  number  of  frames,  which 
are  otherwise  straight,  is  the  short  and  fairly  high  half-circle  directly 
above  the  rear  axle.  As  shown  in  Fig.  210,  this  is  to  allow  an  unusual 
rise  of  the  rear  axle  without  the  possibility  of  its  hitting  the  frame 
such  a  rise,  for  example,  as  would  come  from  suddenly  hitting  a 


Fig.  210.  Frame  of  Stearns-Knight  Car  in  Plan 


fairly  high  bump  in  the  road  and  throwing  the  rear  axle  up  as  high 
as  the  springs  and  shock  absorbers  would  allow.  Still  other  bends 
in  frames  designated  as  straight  are  those  at  the  ends,  which  are  put 
in  only  to  make  the  spring  fastenings  more  simple  and  more  secure; 
these  slight  bends  are  not  considered  as  changing  the  classification. 

Sub=Frames.  Sub-frames  usually  comply  with  the  main  frames 
as  to  shape,  size,  and  material.  The  sub-frame  has  a  double  office, 
in  that  it  supports  some  unit  which  may  not  be  supported  from  the 
main  frame,  and  stiffens  the  main  frame  crosswise  by  tying  together 
the  two  sides.  The  units  carried  on  the  sub-frame  may  not  be 
carried  on  the  main  frame  for  several  reasons:  First,  they  may  be 
of  such  a  width  that  it  would  not  be  advisable  to  carry  them  out  far 
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enough  to  fasten  to  the  wide  main  frame,  as  is  the  ease  of  a  transmis¬ 
sion  only  16  or  18  inches  wide  in  a  frame  33  inches  wide;  and  second, 
they  may  be  required  to  lie  at  a  lower  or  higher  level  in  the  frame 
than  the  top  or  bottom  members  of  the  main  frame.  To  do  this 
would  require  very  long,  bent  arms  on  the  unit,  which  would  not  only 
be  difficult  to  make  in  the  foundry  and  hard  to  machine,  but  would 
also  be  very  weak.  The  result  is,  that  in  order  to  have  a  unit  at  a 
lower  or  higher  level,  a  sub-frame  is  used  and  the  arms  are  made  as 
short,  stiff,  and  simple  as  possible. 

Sub-frames  may  be  of  two  kinds,  viz,  those  in  which  the  sub- 
frame  is  made  different  for  each  unit  to  be  supported,  and  others 
in  which  one  sub-frame  supports  all  units  regardless  of  size,  shape, 
or  character  of  work.  The  former  type  of  sub-frame  usually  works 
out  to  two  pairs  of  cross  members,  one  for  the  front  of  the  unit  and 
one  for  the  rear,  while  the  latter  type  works  out  to  longitudinal 
members,  supported  in  turn  by  two  cross  members,  front  and  rear. 
The  added  weight  for  the  first-mentioned  type  is  thus  less  than 
for  the  other,  since  it  comprises  only  four  cross  members,  while 
the  last  named  consists  of  two  cross  members  equal  to  two  of  the 
others,  and  two  very  long  members  parallel  to  the  main  frame 
members,  and  each  much  longer,  and  thus  much  heavier,  than  the 
corresponding  cross  members.  In  the  two  frames  already  shown, 
Fig.  209  shows  the  unit  type  of  sub-frame  with  only  cross  members, 
while  Fig.  210  shows  the  more  modern  type  in  which  the  power 
plant  is  of  the  unit'  type  and  rests  directly  upon  the  main  frame, 
being  of  the  three-point  suspension  type  in  which  the  forward  point 
is  on  a  frame  or  special  cross  member,  while  the  rear  two  points  are 
the  crankcase  supporting  arms  resting  directly  on  the  main  frame. 

Pressed-steel  frames  usually  carry  pressed-steel  sub-frames,  but 
this  rule  is  not  universal,  as  many  excellent  car  builders  use  steel 
tubing  with  a  channel-section  pressed-steel  frame,  steel  or  bronze 
castings  with  pressed  steel,  and  other  combinations.  Then,  too,  we 
find  the  shapes  mixed  somewhat,  round-shaped  sub-frames  being 
used  with  channel-section  main  frames,  I-sections  with  channels, 
U-sections  with  channels,  flat  plates  with  channels,  I-sections  with 
wood  frames,  etc.  In  short,  any  possible  combination  of  units 
may  be  found.  Several  tables  giving  data  regarding  pressed-steel 
frames  are  given  in  the  Appendix. 
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Modern  Tendencies  in  Frame  Construction.  Elimination  of 
Sub-Frame.  The  modern  tendency  toward  the  simplification  of  the 
entire  car  has  resulted  in  some  frame  modifications,  two  or  three  of 
which  may  be  mentioned.  One  is  the  tendency  toward  modifying 
the  main  frame  to  such  an  extent  as  to  allow  the  elimination  of  the 
sub-frame.  While  not  all  nor  even  a  majority  of  manufacturers 
show  a  trend  in  this  direction,  a  sufficient  number  have  done  so  to 
make  it  worthy  of  mention. 

Narrowing  Frame  in  Front.  The  tendency  just  named  is  closely 
allied  with  the  narrowing  of  frames  in  front.  On  the  smaller  cars, 
and  some  few  of  the  large  ones,  this  effect  is  gained  by  tapering  the 
whole  frame  from  the  rear  toward  the  front,  where  it  is  narrowest, 


thus  allowing  the  use  of  perfectly  straight  side  members.  In  the 
larger  cars,  however,  and  some  smaller  ones,  the  favorite  method 
has  been  to  narrow  only  the  front  section  while  keeping  the  sides 
parallel.  With  this  narrowing,  the  engine — and  sometimes  the 
whole  power  plant,  or,  when  the  units  are  separated,  the  transmission 
also — is  made  with  somewhat  longer  arms  and  is  supported  directly 
on  the  side  members  of  the  frame;  or  else  this  is  done  at  the  forward 
end,  while  a  cross  member  is  provided  to  support  the  other  end  of 
the  power  plant.  An  excellent  example  of  this  is  shown  in  Fig.  211, 
which  presents  a  view  of  the  chassis  of  the  Baby  Peugeot  (French) 
car,  this  being  an  extremely  small  four-cylinder  unit  with  side-by- 
side  seating,  designed  to  carry  but  two  persons.  This  necessitated  a 
wide  rear  end  to  support  a  wide  body.  The  tiny  motor  is  light,  the 
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car  itself  is  very  small  and  light,  and  is  low  in  price,  hence  simplicity 
is  necessary.  Moreover,  although  the  wheelbase  is  not  long,  a  very 
wide  turning  angle  is  necessary  in  order  to  allow  a  complete  circle 
in  the  narrowest  streets. 

To  get  this — simplicity,  light  weight,  large  turning  angle,  etc. — 
the  frame  is  narrowed  at  the  front  to  an  unusual  degree,  as  the  figure 
shows.  It  might  be  men¬ 
tioned  that  the  bore  of 
this  motor  is  only  2^ 
inches  (55  millimeters), 
and  the  wheelbase  72 
inches. 

Effect  of  Cantilever 
Springs.  The  tendency 
toward  the  use  of  canti¬ 
lever  springs  is  going  to 
alter  frame  rear  ends,  for 
this  type  of  spring  is  not 
fastened,  like  all  other 
springs,  at  the  rear  end  of  the  frame.  An  example  of  the  cantilever 
influences  can  be  seen  in  Fig.  212,  which  presents  the  rear  end  of 
the  frame  of  the  Siddeley-Deasy  car,  an  English  product.  The  side 
members  are  cut  off  square,  while  the  cross  member  |is  kicked  up  to 
make  room  for  the  gasoline  tank,  the  brake  on  the  extension  of  the 
worm-driving  shaft  extending  upward  so  as  to  necessitate  this. 

FRAME  CONSTRUCTION 

Wood.  Wood  is  universal,  is  understood  by  every  one,  is  easy 
to  obtain,  and,  while  no  longer  classed  as  cheap,  is  not  expensive; 
moreover,  wood  is  kept  in  stock  nearly  everywhere.  Users  of  wood 
for  side-frame  members  claim  that  the  wood  frame  is  not  only 
lighter,  but  stronger.  In  addition,  the  wood  frame  would  undoubt¬ 
edly  possess  more  natural  spring  and  resiliency,  so  that  it  would 
make  a  lighter  and  easier-riding  frame.  A  section  of  a  wood  frame  is 
shown  in  Fig.  213. 

This  shows  the  frame  to  be  of  laminated  wood.  There  are  three 
very  thin  sections  of  selected  ash,  marked  A,  which  are  glued  together, 
then  screwed  and  bolted  to  prevent  the  glue  from  opening  up.  To 
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TABLE  IV 

Comparative  Strength  of  Steel  Channels  and  Laminated  Wood  Frames 


Material 

Size 

Weight  per 
Linear  Inch 

Resisting 

Moment 

Resisting 
Moment  per  Unit 
Weight 

Pressed  Steel 
Ash 

*"X4J"Xli" 

lf"X6  " 

.408  lb. 
.266  lb. 

114,830 

142,275 

280,955 

534,870 

further  this  purpose,  a  strip  B  is  fastened  on  top  and  bottom  in  the 
same  manner.  These  strips  are  laid  with  the  grain  running  hori¬ 
zontally,  while  the  main  pieces  are  laid  with  the  grain  running 

vertically.  This  construction 
makes  a  very  strong  and  light¬ 
weight  frame,  the  comparative 
figures  for  a  steel  section  and  the 
section  shown,  as  given  from  the 
tests  of  the  engineers  of  the 
Franklin  Company,  being  given 
in  Table  IV.  These  tests,  which 
are  authentic,  would  seem  to  bear 
out  the  contention  that  the  wood 
frame  is  both  lighter  and  stronger 
than  the  steel  frame. 

Armored  Wood.  A  different 
frame  is  one  in  which  some  very 
light,  strong  steel  section  is  filled 
with  wood,  thus  imparting  spring¬ 
iness  to  the  stiffer  metal  and  at 
the  same  time  gaining  strength  as 
opposed  to  weight  for  the  com¬ 
bination.  In  Fig.  214  is  shown  a 
section  of  the  chassis  frame  used 
on  a  French  car.  This  consists  of 
a  metal  tube  A  of  square  section 
into  which  a  filler  piece  of  wood  B 
has  been  driven,  so  as  to  entirely  fill  the  hollow  center.  The  result 
is  a  combination  of  all  of  the  good  points  of  both  the  steel  tube  and 
the  wood  filler.  This  form  is  not  used  generally  on  account  of  its 
high  cost  and  the  impossibility  of  repairing  a  break  or  of  using  a 
tapered  or  bent  section  without  an  enormous  addition  to  the  cost. 


Fig.  213.  Section  Through  Wood  Side-Frame 
of  Franklin  Car 
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Cyclecars  and  Wood  Frames.  The  coming  of  the  light  car 
has  had  considerable  influence  upon  frame  design,  and  also  upon 
the  materials  used.  When  it  is  considered  that  the  prime  idea  in 
building  these  small  vehicles  is  to  produce  a  car  of  the  utmost  sim¬ 
plicity,  and  of  the  lowest  weight  consistent  with  safety  to  carry 
two  people,  at  the  lowest  possible  price,  it  is  not  strange  that  many 
cyclecars  are  shown  with  wood  or  armored-wood  frames. 

The  vehicle  shown  in  Fig.  215  is  the  Stellite  (English)  car, 
built  by  the  well-known  Wolseley  firm.  This  has  a  four-cylinder 
vertical  motor  in  front,  a  two-speed  gearbox,  a  worm  drive  to  the 
rear  axle,  and  a  wood  frame.  The  latter  consists  of  a  straight  pair 
of  rectangular  members,  unvarying  in  section,  which  start  at  the 
radiator,  where  they  are  closest  together,  and  widen  toward  the  rear 
end,  where  the  frame  has  its  greatest  width.  The  frame  is  reinforced 
from  the  engine  back  to  the  rear 
cross  member  by  means  of  a  flat 
iron  plate  set  on  the  inside  of 
the  wood  members  and  bolted 
through  wherever  cross  members 
come. 

This  chassis  also  shows  the 
influence  previously  mentioned  of 
the  cantilever  spring  upon  frame 
shape.  The  rear  springs  are  of  the  quarter-elliptic  or  half-canti¬ 
lever  type,  and  are  attached  to  the  frame  at  the  rear  cross  mem¬ 
ber  and  to  the  axle  on  the  under  side.  Note  how  the  designer  has 
combined  parts  and  functions — the  rear  cross  member  not  only  tying 
the  frame  together  and  holding  up  the  muffler,  but  also  carrying  the 
forward  bearing  on  the  torque  tube,  while  the  attaching  brackets 
at  its  ends  fasten  it  to  the  side  members  and  also  serve  as  spring 
attachments,,  running  board  iron  attachments,  and  as  guides  for  the 
emergency-brake  cable. 

A  point  in  connection  with  small  cars  which  allows  the  use  of 
such  an  extremely  simple  frame  as  a  pair  of  straight  rectangular 
wood  timbers,  or  a  pair  of  equally  simple,  straight  metal  channels, 
is  that  thje  tread  of  practically  all  of  these  is  narrow,  varying  from  36 
inches  up  to  44  inches.  This  allows  a  much  narrower  frame,  just 
as  the  ordinary  car  of  56-inch  tread  has  a  33-inch  frame  width.  The 
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closeness  together  of  the  two  frame  side  members  reduces  the  need 
for  crossties  and  stiffeners. 

Novelty  of  Fergus  Frame.  A  new  car  from  Ireland,  the  Fergus, 


made  by  Messrs.  Ferguson,  Ltd.,  Belfast,  shows  more  novelty  in 
frame  construction  (as  well  as  in  every  other  conceivable  way) 
than  any  other.  Instead  of  blindly  following  accepted  practice  in 
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the  matter  of  frame  design  and  con¬ 
struction,  the  makers  have  struck  out 
boldly  along  new  lines. 

It  may  be  well  to  say  first  that 
this  car  was  developed  as  a  result  of 
fifteen  years’  experience  in  fine  repair 
work,  and  is  an  attempt  to  eliminate 
the  usual  “owner  troubles”.  While  not 
intended  as  a  “foolproof”  car,  the 
Fergus  comes  nearer  that  than  any 
other  developed  up  to  this  time.  In 
addition  to  actually  “foolproofing”  the 
car,  the  aim  of  the  makers  was  to 
eliminate  much  of  the  work  incident 
to  caring  for  the  modern  car,  by  replac¬ 
ing  the  usual  “owner-attention”  with 
an  automatic  system. 

In  the  frame,  a  combination  of 
steel  girder  and  lattice  work  has  been 
produced  which  has  the  appearance  of 
being  absurdly  light.  However,  as  the 
diagram  of  stresses  in  its  members, 
Fig.  216,  indicates,  everything  has  been 
figured  out  with  the  utmost  care,  and 
the  design  has  been  supplemented  by 
unusual  workmanship  of  the  tool-room 
order. 

The  complete  frame,  Figs.  217a 
and  217b  shows  that  a  large  part  of 
the  saving  is  produced  by  the  method 
of  suspending  the  units.  Were  these 
hung  on  the  side  members,  as  in  the 
ordinary  case,  the  frame  certainly 
would  not  do,  but  as  it  is,  they  are 
hung  on  immensely  strong  brackets, 
steadied  by  the  side  members,  but 
rigidly  supported  by  large  tubular  cross 
members.  The  brackets  and  cross 


Fig.  216.  Diagram  of  Fergus  Trussed  Frame,  Showing  light  but  Strong  Construction 
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members  do  the  work  ordinarily  assigned  to  the  side  members  of 
the  frame,  the  latter  simply  joining  and  holding  together  the  various 
brackets  and  cross  members. 


An  examination  of  the  design  reveals  the  astonishing  extent  to 
which  the  brackets  have  been  combined,  the  rear  engine  member, 
for  instance,  also  acting  as  the  rear  support  for  the  front  spring, 
for  the  step  support,  and  for  the  dash  support.  At  the  sides  and 
rear  there  is  a  similar  combination  of  functions. 


Fig.  217a.  Forward  Portion  of  Chassis  of  Fergus  Car,  Showing  Method  of  Attaching  Springs,  Front  Axle,  and  Engine 


Fig.  217b.  Hear  Portion  of  Chassis  of  Fergus  Car,  Showing  Simple  Spring  and  Rear  Axle  Construction 
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Chassis  Frames  of  Tubing.  Of  the  chassis  frames  which  differ 
from  the  usual  form,  none  presents  more  of  the  unusual  than  the 
tubular.  While  the  tube  has  been  used  by  many  constructors,  and 
of  excellent  cars,  too,  not  one  has  gone  further  than  to  use  a  single 
tube,  or  a  couple  of  tubes,  for  some  specific  purpose,  with  the  excep¬ 
tion  of  two  French  builders.  Thus,  several  American  builders  have 
used  a  longitudinal  tube  for  the  engine  and  transmission  sub-frame. 
This  construction  has  the  advantage  of  having  the  crankcase  and 
transmission-case  arms  machined  while  they  are  in  place  in  the 
boring  mill  for  the  boring  for  the  main  bearings.  In  short,  it  saves 
one  operation  in  the  machine  shop — that  of  putting  up  and  taking 


Fig.  218.  Plan  of  French  Simplicia  Car  without  Chassis 


down;  saves  the  use  of  different  tools,  and  also  the  time  necessary 
for  the  operation  itself.  Viewed  from  this  standpoint  it  becomes 
a  shop  economy  which  may  or  may  not  be  worth  while. 

Some  time  ago,  a  car  was  brought  out  in  France  which  was  said 
to  have  no  frame,  or,  as  the  French  expressed  it,  a  car  sans  chassis. 
Upon  close  inspection  of  the  construction,  however,  it  was  seen  to 
have  not  only  a  frame,  but  two  substitutes  for  one.  These  were  the 
sills  of  the  body  and  the  main  tube  of  large  diameter  used  to  unite 
the  engine-clutch-transmission  unit  with  the  rear  axle.  Fig.  218 
shows  the  construction,  this  being  a  partial  top  view  and  partial 
section  from  above.  The  engine,  clutch,  and  transmission  were 
made  in  a  unit,  the  case  for  the  latter  being  carried  out  as  a  large 


Fig.  219.  Plan  and  Elevation  of  Frame  of  Heavy  Truck 


Fig.  220.  Frame  of  Heavy  French  Truck,  Made  by  Delahaye 

on  the  road  wheels,  and  as  such  subject  to  all  of  the  road  shocks.  As 
a  result,  a  car  like  this  would  wear  out  engines,  transmissions,  and 
smaller  parts  with  great  rapidity.  Very  few  of  them  have  been 
built,  although  one  of  them  is  operating  in  New  York  City  as  a  taxi¬ 
cab.  This  same  form  of  car  was  made  in  England  some  years  ago 
by  the  Rover  Company  and  the  Wilson-Pitcher  Company,  both  of 
them  subsequently  abandoning  it. 

Commercial=Vehicle  Construction.  Commercial  work,  being 
rougher,  harder,  and  cheaper  work,  changes  the  frame  construction 
just  as  it  does  everything  else  about  the  car.  In  Figs.  219  and  220 
are  shown  a  couple  of  commercial-vehicle  frames  which  bring  out 
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diameter  tube  back  to  the  rear  axle,  where  it  united  with  the  differ¬ 
ential  and  rear-axle  housing.  The  front  axle  was  hung,  or  rather 
the  front  springs  attached  to  the  front  axle  were  hung,  at  the  central 
point  of  the  under  side  of  the  front  of  the  engine  crankcase,  so  that, 
as  shown,  the  front  and  rear  axles  and  all  power  generation  and  trans¬ 
mission  were  self-contained  in  this  one  structure.  It  presented  one 
very  great  and  vital  disadvantage,  in  that  all  the  mechanisms, 
the  delicate  parts  of  the  car,  were  fastened  to  the  axles  and  road 
wheels  without  the  intervention  of  springs,  being  thus  a  dead  weight 
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this  point.  In  Fig.  219  the  main  sills  are  6-inch  channels,  while  all 
of  the  other  members  are  correspondingly  large  angles  and  channels, 
in  one  place  the  section  consisting  of  a  box  shape  made  up  by  bolting 
two  large  channels  together  with  the  open  sides  in.  The  total  over-all 
length  is  not  given,  since  this  differs  according  to  the  variations  in  the 
wheelbase;  but,  by  a  comparison  of  the  figures  given,  it  is  seen  that 
the  frame  shown  is  in  excess  of  210  inches  long  by  about  37  inches 
outside  width.  This  is  about  twice  the  total  length  of  the  average 
small  car. 

In  the  bracing  and  arrangement  of  the  different  members,  this 
frame  shows  other  points  of  difference,  the  cross  members,  for 
instance,  being  nine  in  number,  not  including  the  two  diagonal 
cross  members.  The  longitudinal  members,  too,  are  eight  in  number, 
not  counting  the  two  diagonals.  The  frame  shown  in  Fig.  220  is 
for  a  heavy  truck  of  French  manufacture.  The  weights  and  dimen¬ 
sions  of  the  various  parts  of  the  frame  will  be  noticed,  as  well  as 
the  large  and  heavy  gusset  plates  used  at  all  corners  and  joints, 
these  in  some  cases  being  formed  as  a  part  of  the  piece  itself,  nearly 
all  of  the  parts  of  this  frame  being  made  of  special  pressed-steel 
shapes,  and  not  of  stock  structural  shapes,  like  the  American  frame 
just  shown,  and  the  one  next  to  be  shown. 

Pressed  Steel.  Fig.  221  shows  a  frame  made  up  of  a  pressed- 
steel  T-section,  this  being  on  the  order  of  an  inverted  letter  U,  with 
broad  flanges  at  the  bottom,  while  the  U  has  little  height.  This 
frame  is  seen  on  inspection  to  be  very  different  from  the  usual  struc¬ 
tural  T,  which  has  a  solid  body  of  metal  in  the  vertical  bar  of  the  T, 
while  this  one  presents  two  thin  sheets  of  metal  separated.  In  con¬ 
structing  the  chassis  frame  from  this  stock,  the  cross  members,  three 
in  number,  are  either  riveted  to  gusset  plates  fastened  to  the  extended 
lower  flanges,  or  are  fastened  directly  to  the  lower  flanges.  This 
makes  easy  frame  erection,  while  the  addition  of  the  underpan, 
which  protects  the  lower  part  of  the  crankcase  from  the  road  dirt 
and  dust,  makes  the  whole  frame  very  complete  and  at  the  same 
time  very  simple. 

This  frame  consists  of  only  six  parts  aside  from  the  gussets. 
These  are  the  two  side  members  CC,  the  cross  members  A,  B,  and  B, 
and  the  underpan  CE.  The  whole  is  simple,  light  in  weight,  and 
very  strong. 
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Steel  Underpans.  The  part  last  mentioned,  the  underpan,  has 
assumed  a  great  deal  of  importance  in  the  last  couple  of  years,  for 
makers  have  more  and  more  realized  that  it  is  highly  important  to 
protect  many  of  the  parts  from  road  dirt,  flying  stones,  water,  etc. 


Fig.  221.  Views  of  a  Pressed-Steel  Frame,  Made  by  Arbel  (France) 


Designers  have,  therefore,  given  considerable  attention  to  its  shape, 
size,  and  method  of  attachment.  In  the  one  shown  in  Fig.  221,  it 
runs  apparently  underneath  both  engine  and  transmission,  and  is 
made  more  or  less  a  part  of  the  main  frame.  Therefore,  its  quick 


Fig.  222.  Two-Piece  Pressed-Steel  Underpan  Used  on  Winton  Cars 
Courtesy  of  Winton  Motor  Car  Company,  Cleveland,  Ohio 


removal  on  the  road  would  be  difficult,  if  not  impossible;  yet  road 
accidents  sometimes  make  it  necessary  for  the  driver  to  take  this 
pan  off  to  get  at  the  lower  side  of  engine,  clutch,  or  gearbox. 

For  this  reason,  underpans  generally  resemble  more  closely  that 
shown  in  Fig.  222.  This  is  a  side  view,  showing  the  semicircular 


GASOLINE  AUTOMOBILES 


273 


form  of  the  pans,  as  well  as  the  two-piece  construction.  The  forward 
part  under  the  engine,  which  would  be  taken  down  fairly  often,  is 
held  in  place  by  three  spring  clips  on  either  side,  lifting  these  off 
being  only  a  second’s  work;  in  addition,  there  is  a  filler  piece  in 
front,  helping  to  make  the  pan  fairly  air-tight.  The  depth  of  the 
pan  increases  slightly  toward  the  rear,  so  as  to  form  a  slope  down 
which  liquids  will  drain,  the  rear  end  being  fitted  with  an  upturned 
elbow,  so  that  it  will  not  drip  until  it  accumulates  a  consider¬ 
able  quantity  of  liquid.  Continual  dripping  then  indicates  a  full 
charge  and  the  pan  is  drained  by  turning 
the  elbow  over. 

In  Fig.  223  is  presented  a  detail  of  the 
arrangement  of  the  pan  shown  in  Fig.  222. 

This  indicates  both  the  permanent  part  of  the 
underpan  which  is  attached  to  the  frame,  and 
the  removable  part,  which  is  freed  by  loosen¬ 
ing  the  spring  clips  shown. 

Examples  of  Pressed-Steel  Frames.  Since 
the  majority  of  frames  are  of  pressed  steel  and 
channel  section,  it  will  suffice  to  show  a  couple 
of  everyday  examples,  selected  at  random, 
and  give  the  advantages  of  this  form  as  a 
whole.  Figs.  224,  225,  226,  and  227  illustrate 
cars  being  built  in  large  numbers,  and  so  may  be  taken  as  fairly 
representative.  Fig.  224  is  of  a  type  having  a  tapering  section,  a 
kick-up  at  the  rear  end,  five  cross  members — one  of  them  a  tube 
— and  is  narrowed  in  at  the  front  to  give  the  larger  steering  lock. 
Otherwise  it  presents  only  standard  practice. 

The  frame  of  the  newest  Marmon  shows  the  various  tendencies 
in  construction  for  the  past  two  or  three  years  combined  in  a  single 
unit.  Although  not  freakish,  it  is  decidedly  unconventional  and 
could  not  be  said  to  represent  standard  practice.  The  ideas  pre¬ 
sented  are  so  sensible  however,  that  unquestionably  another  year 
will  stamp  them  with  approval. 

As  shown  in  Fig.  225,  the  design  is  based  on  the  thought  of 
combining  present  frame,  running  board,  running-board  apron,  and 
body  into  one  unit,  in  such  a  way  as  to  give  present  strength  with 
much  less  weight.  At  A  will  be  seen  a  sectional  diagram  of  standard 


Fig.  223.  Detail  of  Spring 
and  Section  of  Winton 
Underpan 


.  0.  Smith  Company ,  Milwaukee ,  Wisconsin 
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practice,  in  which  it  is  shown  how  the  ordinary  wood  sill  is  added 
on  top  of  the  pressed-steel  frame,  the  running  board  suspended  from 


Fig.  225.  New  Methods  in  Running-Board  Conduction.  A — Previous  Conventional  Practice; 
B — New  Steel  Frame  Construction;  C — Marmon  Aluminum  Frame  Construction 

the  side  of  it  by  means  of  brackets,  and  the  space  between  filled  in  by 
a  vertical  metal  shield.  Combining  all  these  and  eliminating  the 


Fig.  226.  Brush  Pressed-Steel  Frame 
Courtesy  of  Hale  and  Kilburn  Company,  Philadelphia,  Pennsylvania 


space  back  of  the  shield,  the  Marmon  side  frame  member,  as  B 
shows,  is  made  as  deep  as  the  average  frame  and  metal  shield  com- 
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Side  View  of  Chalmers  Chassis,  Showing  Dust  Pan  in  Place 
Courtesy  of  Chalmers  Motor  Company,  Detroit,  Michigan 
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bined,  not  as  thick  as  the  former  but  thicker  than  the  latter.  To 
this  the  running  board  of  pressed  steel  is  united  directly  by  hot  rivet¬ 
ing,  making  an  integral  part.  At  C  the  complete  unit  is  shown. 

In  Fig.  226,  will  be  found  another  similar  idea,  the  Brush  frame, 
controlled  by  the  Hale  and  Ivilburn  Company  of  Philadelphia. 

In  Fig.  227  is  shown  a  standard  chassis  taken  from  the  side, 
the  more  usual  viewpoint.  This  view  shows  a  type  having  the 
main  frame,  sub-frame,  narrowed  front,  increased  section  at  the 
dashboard  or  rear  end  of  the  engine,  cantilever  spring,  and  other 
attachments,  as  well  as  the  underpan,  now  a  feature  of  every  good 
car.  This  underpan  is  usually  of  pressed  steel. 

Advantages.  As  a  frame  material,  pressed  steel  presents  many 
advantages.  It  is  light  in  weight,  strong,  easy  to  obtain,  equally 
easy  to  press  into  shape,  and  easy  to  assemble  into  frames.  The 
finished  frames  are  easy  to  handle,  except  that  they  are  bulky;  the 
first  cost  of  the  material  in  sheets  is  small;  the  pressing  and  assem¬ 
bling  cost  is  also  small ;  and  the  whole  frame  is  not  expensive.  More¬ 
over,  the  greater  part  of  the  work  is  machine  work,  operators  simply 
placing  the  sheets  in  position  under  the  huge  presses.  The  channel 
shape,  which  is  generally  used,  is  easy  to  brace,  and  consequently 
easy  to  repair.  The  inside  of  the  frame  may  be  filled  with  a  slightly 
smaller  channel,  by  a  plate  bent  just  to  fill  the  vertical  height,  or  by 
a  wood  block  cut  the  proper  size  to  drive  in.  By  bolting  any  one  of 
these  through  the  main  frame  the  section  is  repaired  easily  and 
quickly.  Moreover,  this  form  of  frame  is  the  natural  and  logical 
evolution  of  the  automobile  frame,  the  use  of  metal  for  a  frame 
being  set  down  as  necessary.  It  is  a  simple  shape  and  looks  well 
from  the  outside.  All  these  and  many  more  arguments  might  be 
brought  out  in  support  of  the  channel-section  pressed-steel  frame. 

The  modern  tendency  is  toward  the  entire  elimination  of  sub- 
frames,  thus  simplifying  the  frames  and  consequently  cheapening  the 
first  cost,  as  well  as  the  subsequent  handling  and  other  later  items. 
This  is  being  brought  about  by  so  designing  the  whole  mechanism 
as  to  give  a  straight-line  drive,  which  results  in  a  straight-line  frame, 
the  engine  and  transmission  being  on  the  same  horizontal  line,  and 
supported  on  frame  members  set  on  one  level.  Now  that  frames 
are  narrowed  in  at  the  front  for  the  shorter  turning  radius,  the  arms 
of  the  engine  are  shortened  by  the  amount  of  the  narrowing,  this 
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being  enough  to  make  it  practicable  to  support  the  engine  directly 
upon  the  main  frame.  By  the  adoption  of  these  features  of  design, 
the  construction  of  the  whole  frame  has  been  made  more  simple 
than  ever  before. 

Recent  Frame  Changes.  Heavier  Frames  Hue  to  Poor  Roads 
and  Larger  Cars.  A  realization  several  years  ago  that  American 
roads  were  not  as  smooth  as  might  be  desired,  and  the  combination 
of  this  condition  with  the  demand  for  larger  size  cars,  and,  in  par¬ 
ticular,  for  more  roomy  bodies,  brought  about  the  use  of  decidedly 
heavier  frames  than  had  previously  been  used.  The  frames  are 
longer  and  stronger,  the  strength  being  gained  by  increasing  the 
section,  and  in  particular  the  lower  flange. 

Therefore,  instead  of  using  a  channel  section  similar  to  the 
standard  structural  channel  with  a  ratio  of  height  to  width  of  approx¬ 
imately  3|  to  1  and  as  high  as  5  to  1,  the  width  became  greater 
without  changing  the  height,  making  the  ratio  more  nearly  1  to  1 
and  up  to  2  to  1.  With  this  came  the  practice  of  varying  the  width 
of  the  two  flanges,  the  bottom  one  often  being  J  inch  or  more  wider 
than  the  top;  of  varying  the  flange  widths  fore  and  aft;  of  making 
an  extremely  wide  flange  at  the  rear  engine  support,  where  the 
narrowing-in  of  the  front  end  commences;  and  of  varying  the  height 
of  the  side  member  according  to  the  distribution  of  the  load,  so  that  it 
is  deepest  from  the  middle  of  the  engine  to  the  transmission,  tapering 
down  in  both  directions  from  those  points.  All  these  points  can  be 
seen  and  recognized  in  Figs.  209,  210,  211,  in  particular  in  Fig.  227. 

Influence  of  Recent  Demand  for  Light  Cars.  The  use  of  heavy 
frames  is  more  general  than  ever  today  on  the  larger  cars  for  seven 
and  more  passengers  and  with  wheel  bases  in  excess  of  135  inches. 
However,  there  has  grown  up  a  tremendous  demand  for  a  slightly 
smaller,  very  much  lighter  car  which  will  carry  six,  or  occasionally 
seven  people;  which  has  a  comparatively  low  initial  cost  and  a  small 
running  cost;  which  would  start  quickly  and  pick  up  speed  quickly; 
which  would,  in  short,  show  maximum  motor  performance  with 
minimum  cost.  The  answer  to  this  demand  has  been  the  very 
popular  so-called  “light  six” — a  car  which  looks  big,  performs  well, 
is  cheap  to  buy  and  run,  and  is  light  on  tires. 

To  produce  a  car  of  this  kind,  it  was  necessary  to  have  a  small 
compact  motor;  these  qualifications,  coupled  with  the  performance 
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and  power  demanded,  meant  a  high-speed  motor.  Other  savings 
in  weight  were  made  by  using  the  Hotchkiss  drive,  in  which  radius 
rods  and  torque  rods  are  eliminated;  by  installing  the  unit  power 
plant;  and  by  having  the  levers  mounted  directly  upon  the  transmis¬ 
sion  case,  etc.  These  savings — totaling  perhaps  1,000  pounds — have 
allowed  the  use  of  a  frame  which  is  of  lighter  weight  but  has  the 
metal  distributed  more  scientifically.  The  Marmon  and  Brush 
designs,  seen  in  Figs.  225 
and  226,  are  significant 
of  these  modern  tenden¬ 
cies  in  frames  for  light 
cars. 

Rear  -  End  Changes. 

The  rear  ends  of  frames 
have  also  undergone  a 
considerable  change  in 
the  last  few  years,  this 
being  brought  about 
partly  by  the  wide  adop¬ 
tion  of  this  location  for 
the  gasoline  tank,  partly 
by  a  change  in  the  rear 
springing,  and  partly  by 
the  adoption  of  this  posi¬ 
tion  on  touring  cars  for  carrying  the  spare  tire  or  the  tire  and 
rim,  as  the  case  may  be.  As  a  tire  and  rim  mean  considerable 
weight,  while  a  tank  full  of  gasoline  may  run  up  to  150  pounds, 
all  these  added  at  the  rear  end  call  for  supports  and  braces.  The 
simplest  case  is  that  in  which  a  moderate-size  tank  is  supported 
immediately  beneath  the  rear  cross  member.  In  that  event,  only 
straps  for  holding  it  in  place  are  needed,  while  adding  a  spare  tire 
holder  requires  only  a  pair  of  irons,  with  suitable  outer  ends  to  receive 
the  tire,  riveted  to  the  frame  rear  cross  member.  As  the  size  of  the 
car  increases,  however,  the  size  of  the  tank  also  increases,  because 
of  the  fact  that  the  larger  and  heavier  cars  get  less  mileage  from  a 
gallon  of  fuel.  All  this  calls  for  more  than  a  simple  pair  of  straps, 
and  necessitates  a  special  construction  for  carrying  the  tank  securely. 
Two  of  these  are  shown,  that  of  the  Haynes  in  Fig.  228,  and  of  the 


Fig.  228.  Rear  End  of  Haynes  Frame  Showing  Tank 
and  Tire  Supports 

Courtesy  of  Haynes  Automobile  Company, 
Kokomo,  Indiana 
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Locomobile  in  Fig.  229.  The  first  construction  includes  the  use 
of  a  semi-elliptic  rear  spring,  of  a  downward  projecting  dumb  iron 
to  which  the  spring  is  shackled,  a  nearly  rectangular  tank,  and  tire 
irons  to  support  a  single  tire.  Note  how  the  tube  joins  the  ends 
of  the  two  dumb  irons  and  forms  a  point  of  attachment  for  the  three 
straps  on  the  tank  and  the  two  clips  on  the  tire  iron.  The  latter 
has  two  other  supports — the  diagonal  rods  from  the  frame  cross 
member. 

In  the  Locomobile,  Fig.  229,  provision  is  made  for  carrying  two 
or  more  spare  tires  by  providing  a  wide  metal  apron  in  which  to 
cradle  them.  The  rear  springs  are  three-quarter  elliptics  of  the  scroll 


Fig.  229.  Solid  Rear  Construction  of  Locomobile  for  Tires  and  Tanks 
Courtesy  of  Locomobile  Company  of  America,  Bridgeport,  Connecticut 


type,  with  the  front  ends  attached  outside  of  the  main  frame.  The 
frame  is  then  prolonged  backward  and  the  tank  hung  from  this 
extension.  To  this  end  is  attached  also  the  cross  member.  In 
addition,  this  serves  as  the  point  of  attachment  for  the  two  rods 
supporting  the  lower  apron,  and  for  the  two  upper  rods  as  well. 
As  the  springs,  the  tire  irons,  the  tires,  and  the  rear  cross  member 
are  all  back  of  the  rearmost  edge  of  the  gasoline  tank,  the  latter  is 
well  protected  against  rear  collisions.  The  upper  cross  member 
can  be  locked  in  place  to  hold  the  tires,  the  side  member  for  this 
upper  part  holding  the  tail  lamp  as  well.  In  addition,  the  apron  is 
of  full  width,  so  that  its  two  supports  come  at  the  ends. 
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Light  Car  Modifications.  In  a  recently  developed  high-grade 
small  car — a  cyclecar  in  everything  but  quality  and  price — a  novelty 
in  frame  construction  has  been  developed  which  may  see  further  use. 
This  consists  of  a  pressed-steel  channel  section  frame,  the  side  mem¬ 
bers  of  which  are  bulged  just  forward  of  their  centers,  and  taper 
from  here  toward  both  ends;  that  is,  in  plan  the  frame  is  coffin  or 
modified  diamond  shaped.  This  construction  is  made  necessary  by 
the  fact  that  in  the  middle  there  must  be  room  for  two  persons,  while 
at  the  front  end  the  engine  does  not  need  this  width,  and  the  rear  is 
finished  off  to  a  tapering  point  to  fit  in  with  the  stream  lines  of  the 
remainder  of  the  body.  Aside  from  being  a  decided  innovation  in 
frame  construction,  this  idea  has  much  to  Commend  it.  By  tapering 
the  front  and  rear  ends,  the  cross  connections  are  shortened  and  are 
thus  made  lighter  and  stiffer.  In  a  horizontal  plane,  the  frame  has 
neither  rise  nor  drop,  the  back  ends  being  cut  off  square,  as  the  rear 
springs  are  of  the  cantilever  type. 

FRAME  TROUBLES  AND  REPAIRS 

The  more  usual  troubles  which  the  repair  man  will  encounter 
are  sagging  in  the  middle;  fracture  in  the  middle  at  some  heavily 
loaded  point  or  at  some  unusually  large  hole  or  series  of  holes; 
twisting  or  other  distortion  due  to  accidents;  bending  or  fracture 
of  a  sub-frame  or  cross  member;  bending  or  fracture  at  a  point 
where  the  frame  is  turned  sharply  inward,  outward,  upward,  or 
downward. 

Sagging.  A  frame  sags  in  the  middle  for  one  of  two  reasons: 
either  the  original  frame  was  not  strong  enough  to  sustain  the  load, 
or  the  frame  was  strong  enough  normally,  but  an  abnormal  load  was 
carried  which  broke  it  down.  Sometimes  a  frame  which  was  large 
enough  originally,  and  which  has  not  been  overloaded,  will  fail 
through  crystallization,  or  in  more  common  terms,  fatigue  of  the 
steel.  This  occurs  so  seldom,  and  then  only  on  very  old  frames, 
that  it  cannot  be  classed  as  a  “usual”  trouble;  moreover,  it  cannot 
be  fixed. 

When  a  frame  sags  in  the  middle,  the  amount  of  the  sag  deter¬ 
mines  the  method  of  repair.  For  a  moderate  sag,  say  i  to  J  inch, 
a  good  plan  is  to  add  truss  rods,  one  on  either  side.  These  should 
be  stout  bars,  well  anchored  near  the  ends  of  the  frame  and  at  points 
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where  the  frame  has  not  been  weakened  by  excessive  drilling.  They 
should  be  given  a  flattened  U-shape,  with  a  couple  (or  more)  uprights 
down  from  the  frame  between  them.  The  material  for  them  should 
be  stiff  enough  and  strong  enough  to  withstand  bending,  and  should 
be  firmly  fastened  to  the  underside  of  the  frame.  The  truss  rods 
should  be  made  in  two  parts  with  a  turnbuckle  to  unite  them,  the 
ends  being  threaded  right  and  left  to  receive  the  turnbuckle. 
When  truss  rods  are  put  on  a  sagged  frame,  it  should  be  turned 
over  and  loaded  on  the  under  side;  then  the  turn-buckles  should  be 
pulled  up  so  as  to  force  the  middle  or  sagged  part  upward  a  fraction 
of  an  inch — say  i  to  i  inch — and  then  the  frame  turned  back,  the 
other  parts  added,  and  the  whole  returned  to  use.  A  job  of 
this  kind  which  takes  out  the  sag  so  that  it  does  not  recur  is  a 

job  to  be  proud  of. 


Fig.  230.  Reboring  Cracked  Steel  Channel 


Fracture.  Many  a  frame 
breaks  because  too  much  metal 
was  drilled  out  at  one  place. 
Fig.  230  shows  a  case  of  this 
kind.  The  two  holes  were 
drilled  one  above  the  other 
for  the  attachment  of  some 
part,  and  were  made  too  large. 
They  were  so  large,  that  at 
this  particular  point  there  was 


not  enough  metal  left  to  carry  the  load,  and  the  frame  broke, 
as  indicated,  between  the  two  holes  and  also  above  and  below.  A 
break  of  this  kind  can  be  repaired  in  two  good  ways.  The  first  and 
simplest — as  well  as  the  least  expensive — is  to  take  a  piece  of  frame 
10  to  12  inches  long  of  sufficiently  small  section  to  fit  tightly  inside 
this  one.  Drive  it  into  the  inside  of  the  main  frame  at  the  break, 
rivet  it  in  place  firmly  throughout  its  length,  and  then  drill  the 
desired  holes  through  both  thicknesses  of  metal. 

This  is  not  so  good  as  welding.  A  break  of  this  kind  can  be 
taken  to  a  good  autogenous  welder  who  will  widen  out  and  clean 
the  crack,  fill  it  full  of  new  metal,  fuse  that  into  intimate  contact 
with  the  surrounding  metal,  and  do  so  neat  and  clean  a  piece  of 
work  that  one  would  never  know  it  had  been  broken.  When  a 
welding  job  is  done  on  a  break  like  this,  and  no  metal  added  besides 
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that  needed  to  fill  the  crack,  subsequent  drilling  should  be  at  an 
angle,  to  avoid  a  repetition  of  the  overloading  condition.  In  the 
figure,  the  dotted  lines  suggest  the  drilling.  By  staggering  the  holes 
in  this  way,  there  is  a  greater  amount  of  metal  to  resist  breakage 
than  would  be  the  case  with  one  hole  above  the  other — a  method 
which  might  preferably  have  been  used  in  the  first  place. 

So  much  welding  is  done  now,  and  so  many  people  know  of  its 
advantages,  that  every  repair  shop  of  any  size  should  have  a  weld¬ 
ing  outfit.  A  frame  job  is  essentially  an  inside  bench  job,  but  a 
large  number  of  cases  of 
welding  could  be  done 
directly  on  the  car  outside 
the  building,  particularly  in 
summer  when  the  outside  air 
and  cooling  breezes  are  desir¬ 
able.  So,  it  is  well  to  con¬ 
struct  a  small  truck  on  which 
to  keep  the  oxygen  tank, 
acetylene  cylinder,  nozzle  for 
working,  and  a  fire  extin¬ 
guisher.  One  form  of  a  truck 
is  shown  in  Fig.  231,  this 
being  a  simple  rectangular 
platform  with  casters,  a  handle,  and  a  rack  to  hold  the  tanks.  It 
saves  many  a  step  and  is  particularly  convenient  in  summer 
months.  This  outfit  is  essentially  a  home-made  affair  but  the  gas¬ 
welding  and  electric-welding  manufacturing  companies  have  designed 
small  outfits  especially  for  automobile  repair  work,  which  would  be 
preferable  to  Fig.  231,  especially  where  the  amount  of  repair  work 
warrants  a  reasonable  expenditure  for  a  welding  outfit.  A  descrip¬ 
tion  of  both  gas  and  electric  outfits  and  instructions  for  their  use  are 
given  in  the  article  entitled  “Welding  for  Automobile  Repair  Work.” 

SPRINGS 

Basis  of  Classification.  The  springs  are  a  very  important  part 
of  a  vehicle,  for,  while  the  frame  supports  the  engine,  the  clutch,  and 
the  transmission,  it  is  in  turn  supported  upon  the  springs.  These 
springs,  in  the  main,  fall  into  seven  general  classes:  the  semi-elliptic, 


Fig.  231.  Handy  Oxy-Acetylene  Outfit 
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the  full-elliptic,  the  three-quarter  elliptic,  the  platform  type,  the 
cantilever,  the  quarter-elliptic,  the  coil,  and  combinations  of  these. 
The  full-elliptic  spring  is  made  up  of  two  sets  of  flat  plates,  slightly 
bowed  away  from  each  other  at  the  center  and  attached  together  at 
the  ends.  When  these  are  used,  the  centers  of  the  springs  are  attached 
top  and  bottom,  respectively,  to  the  frame  and  axle.  With  half  of 
the  top  of  the  spring  cut  away,  and  the  cut  or  thick  end  attached  to 
the  frame,  this  spring  becomes  a  three-quarter  elliptic.  When  the 
whole  top  of  the  spring  is  cut  away,  so  that  the  spring  is  but  a  series 
of  flat  plates,  bowed  to  a  long  radius,  this  becomes  a  semi-elliptic 
spring.  When  the  semi-elliptic  is  turned  over,  attached  by  its  center 
and  one  end,  while  the  load  is  applied  at  the  other  end,  it  becomes  a 
cantilever.  The  quarter-elliptic  is  but  a  quarter  of  a  spring,  while  the 
platform  consists  of  three  semi-elliptics — two  as  side  members  in  the 
regular  position,  while  the  third  is  used  as  a  cross  spring,  being 
inverted  and  attached  at  the  center  to  the  rear  end  of  the  frame  and 
at  its  ends  to  the  side  members.  The  coil  form  requires  no  explana¬ 
tion  and  is  not  now  used  on  cars.  In  addition,  these  forms  are  modi¬ 
fied  by  scroll  ends  and  various  attachments. 

Semi=Elliptic.  Fig.  232  shows  a  front  spring  of  the  semi-elliptic 
type,  the  form  which  is  used  now  for  almost  every  front  spring. 
This  is  a  working  spring  of  the  usual  type,  fixed  at  the  front  end, 
shackled  at  the  rear  end,  attached  to  the  axle  in  two  places,  and  with 
two  rebound  clips  in  addition.  The  latter  are  put  on  the  springs 
to  prevent  them  from  rebounding  too  far  in  the  case  of  a  very  deep 
drop.  In  some  cases  many  more  of  these  clips  would  be  used,  as 
high  as  four,  six,  or  eight.  Many  other  springs  are  made  with  ears, 
these  being  clipped  over  the  next  lower  spring  plate,  the  final  result 
being  the  same  as  the  use  of  many  clips  but  with  improved  appearance. 

Full=Elliptic.  Full-elliptic  springs  are  the  oldest  form  known. 
Fig.  233  shows  the  construction  of  this  type,  the  upper  and  lower  parts 
being  pivotally  connected  at  the  ends.  A  slight  modification  of  this 
form,  known  as  the  scroll-ended,  full-elliptic  type,  is  in  more  exten¬ 
sive  use  than  the  full-elliptic,  plain  type.  As  Fig.  234  shows,  the 
ends  of  the  upper  leaves  are  bent  over  and  carry  an  eye,  which  is 
connected  to  the  eye  in  the  end  of  the  upper  leaves  of  the  lower  half 
of  the  spring  by  means  of  a  shackle.  This  construction  makes  a 
very  soft-riding  spring. 
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Three= Quarter  Elliptic.  Very  much  like  Fig.  234  is  the  form 
known  as  the  three-quarter  elliptic  spring,  the  one  shown  in  Fig.  235 
having  scroll  ends.  This  form  of  spring  is  fastened  at  three  points, 


the  lower  part  of  the  spring  being  shackled  at  the  front  end,  fixed 
to  the  axle  at  the  center,  and  shackled  to  the  upper  part  of  the  spring 
at  the  rear.  The  upper  part  of  the  spring  is  fixed  to  the  frame 


|  at  the  upper  front  end  and  shackled  to  the  lower  part  at  the  rear. 
|  Fig.  243  shows  another  example  of  this,  which  may  differ  in  practice, 
■  as  some  three-quarter  springs  are  not  scroll  ended. 


This  form  of  spring  is  growing  in  favor  daily,  a  greater  number 
being  used  this  year  than  last,  while  next  year’s  designs  show  a  still 
greater  increase.  One  reason  for  this  is  the  great  increase  in  the 
number  of  dropped  frames,  that  is,  frames  upswept  at  the  rear. 
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To  this  form  of  frame,  the  three-quarter  elliptic  spring  is  very  well 
adapted  and  makes  a  very  natural,  very  good,  and  very  easy  riding 
combination. 

Platform.  The  platform  type  of  spring  is  used  a  great  deal  on 
large  cars,  as  well  as  on  very  heavy  trucks,  on  account  of  its  ability 
to  carry  heavy  loads  well,  and  also  on  account  of  its  flexibility. 
As  may  be  seen  in  Fig.  236,  it  consists  of  three  semi-elliptic  springs, 
shackled  together  at  the  corners.  The  rear  cross  spring  is  usually 


made  shorter  than  the  two  side  springs,  while  the  latter  are  set  off 
center,  making  the  front  of  the  spring — that  is,  the  part  forward  of 
the  point  of  attachment  to  the  axle — longer  than  the  part  to  the  rear. 
There  are  two  reasons  for  this:  First,  the  front  end  acts  somewhat 
as  a  radius  rod,  the  rear  end  of  the  frame  rising  in  an  arc  of  a  circle 
whose  radius  is  the  front  half  of  the  spring;  second,  this  plan  dis¬ 
tributes  the  spring  action  equally  in  front  of  and  back  of  the  axle. 


Fig.  236.  Platform  Springs  Showing  How  Side  and  Cross  Springs  Are  Shackled  Together 


Since  the  rear  cross  spring  is  fastened  to  the  frame  in  the  center, 
each  half  of  it  is  considered  as  a  part  of  the  side  spring  to  which  it  is 
shackled.  Thus,  the  total  length  of  the  side  spring  in  front  of  the 
axle  is  the  measured  length  of  the  side  spring,  while  the  total  length 
of  the  side  spring  back  of  the  axle  is  considered  as  the  side  length 
plus  half  of  the  cross-spring  length.  The  center  point  or  point  of 
axle  attachment  is  not  moved  so  far  forward  as  to  make  these  two 
lengths  equal,  but  in  a  proportion  which  may  be  derived  thus:  Sup- 
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pose  a  side  spring  42  inches  long  and  a  cross  spring  35  inches  long; 
then  the  spring  would  be  set  out  of  center  some  4J  inches,  making 
the  front  length  about  25§  inches,  while  the  rear  length  would  be 
164  PIus  half  of  the  rear  spring,  or  17J,  making  a  total  of  34  inches. 
This  would  give  a  ratio  of  25  J  to  34  or  1  to  1.333.  If  the  side  mem- 


Fig.  237.  Cantilever  Rear  Spring  Used  on  King  Cars 
Courtesy  of  King  Motor  Car  Company,  Detroit,  Michigan 


bers  were  50  inches,  the  ratio  would  be  about  1  to  1.25,  and  for  side 
members  shorter  than  42,  the  ratio  would  be  about  1  to  1.5. 

Cantilever.  As  has  been  stated,  the  cantilever  is  in  appearance 
a  semi-elliptic  spring  turned  over.  It  gets  its  name,  however,  from 


the  method  of  suspension,  which  is  quite  different  from  that  of  any 
form  of  semi-elliptic  spring.  Moreover,  as  a  part  of  this  suspension, 
at  least  one  end  of  the  cantilever,  and  sometimes  two,  are  finished  up 


Fig.  238.  Front  End  of  Cantilever  Spring  on  Siddeley-Deasy  (English)  Car 
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flat  and  square  to  slide  in  a  groove  provided  for  that  purpose,  a  bolt 
through  a  central  hole  preventing  the  spring  from  coming  out  of  its 
guide.  One  form  is  shown  in  Fig.  237,  this  having  a  fixed  attach¬ 
ment  to  the  rear  axle,  a  pivoted  attachment  to  the  frame  at  its 
center — or  slightly  beyond  the  center — and  a  sliding  attachment  to 
the  frame  at  its  forward  end  to  take  care  of  the  increase  in  length 
and  the  forward  movement  necessary  when  the  rear  wheels  rise. 

Another  form  of  cantilever  is  that  shown  in  Fig.  238.  This  is 
the  rear  spring  on  the  Siddeley-Deasy  (English)  car,  and,  like  the 
King,  previously  shown,  is  pivotally  mounted  on  the  frame  just 
forward  of  its  center.  Unlike  the  King,  however,  its  forward  end 

has  a  shackle,  which  per¬ 
mits  it  to  swing  when  the 
rear  axle  rises  or  falls. 
This  shackle  is  a  very 
interesting  feature  of  this 
installation,  having  an 
adjustment  which  is  most 
unusual  for  a  shackle, 
Fig.  239.  Note  how  the 
outsides  of  the  shackle 
have  a  series  of  grooves, 
into  which  the  head  of 
the  shackle  bolt  on  one 
side  and  the  washer  on 
the  other,  fit.  By  setting 
these  in  the  desired 
grooves  and  tightening  the  nut  the  position  is  fixed.  If  this  does 
not  give  the  proper  throw,  it  is  a  simple  matter  to  remove  the  nut 
and  make  a  new  adjustment. 

In  France  a  form  of  double  cantilever  has  been  tried  out  with 
good  success,  this  consisting  of  a  pair  of  cantilevers — one  above  the 
other— separated  at  the  center  by  a  carefully  sized  spacing  block, 
which  is  pivotally  attached  to  the  frame.  The  rear  ends  are  attached 
above  and  below  the  axle,  while  the  front  ends  are  attached  to  two 
fixed  points.  Although  the  ends  are  made  much  thinner  and  more 
flexible  than  those  just  shown,  it  should  be  noted  that  both  of  them 
are  fixed.  The  rise  and  fall  of  the  wheels  must  be  taken  up  by  the 


Fig.  240.  A  Quarter-Elliptic  T^ype  of  Rear  Spring  Used  on  a  Low-Priced  French  Car 

quarter-elliptics  is  seen.  In  both  cases  these  are  fixed  at  both 
ends,  the  front  ends  above  the  front  axle,  the  rear  ends  below  the 
rear  axle. 

The  easy  riding  qualities  ascribed  to  the  cantilever  spring  have 
not  materialized  in  the  case  of  the  quarter-elliptic  form  shown  in 
Fig.  240.  As  a  result,  designers  have  sought  to  improve  it  in  various 
ways,  including  a  more  flexible  connection  to  the  axle,  and  the  use 
of  a  shackle.  To  date  the  form  which  has  shown  the  best  results 
is  the  double  spring  of  the  same  type,  but  with  the  two  front  ends 
having  individual  points  of  attachment  while  the  two  rear  ends  are 
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springs  themselves,  the  pivot  in  the  center  simply  distributing  the 
distortion  over  both  the  front  and  rear  halves. 

Quarter=Elliptic.  The  half-cantilever  or  quarter-elliptic  spring 
is  apparently  suitable  for  light  work  only,  and  it  is,  therefore,  found 
only  on  very  light  cars.  One  of  these,  of  French  manufacture,  is 
shown  in  Fig.  240.  Here  it  will  be  noted  that  the  forward  end  of 
the  spring  is  clamped  to  a  flat  plate  attached  to  the  underside  of  the 
main  frame.  A  distance  rod  is  also  fixed  to  the  frame  and  to  the 
rear  axle  to  regulate  the  movement  of  the  latter.  By  referring 
back  to  the  Stellite  light  car,  shown  in  Fig.  215,  another  set  of 
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pivoted,  one  above  the  rear  axle  and  one  below  it.  This  type  is 
shown  in  Fig.  241  which  gives  the  shape  as  well  as  the  suspension. 

Both  these  forms  of  spring,  the  single  and  double  quarter-elliptic 
cantilever,  as  well  as  the  full- elliptic  cantilever,  will  soon  show 
improvements,  for  these  types  are  receiving  the  most  attention. 

Varying  Methods  of  Attaching  Springs.  Springs  are  attached 
in  many  ways.  For  example,  the  one  shown  in  Fig.  236  might  have 
a  shackle  at  the  front  end,  be  fixed  to  the  axle,  and  fixed  to  the  center 
of  the  frame  at  the  rear,  the  side  and  cross  springs  being  shackled 
together  as  shown.  Again,  the  front  end  might  be  fixed  to  the  frame, 
all  other  connections  being  unchanged.  Or,  with  either  method  of 
fixing  the  front  end,  the  spring  might  be  swiveled  on  the.  axle,  so  as 
to  be  free  to  give  sideways  without  changing  the  other  properties  of 


Fig.  241.  Type  of  Double  Quarter-Elliptic  Rear  Spring  Said  to  Be  More 
Resilient  Than  Single  Form 


the  spring.  Or,  with  either  method  of  fixing  the  front  end  of  the 
spring,  and  with  or  without  the  axle  swivel,  the  cross  spring  might 
be  pivoted  at  the  central  point  so  as  to  be  free  to  turn  in  any  direction 
about  this  central  point.  This  latter  method  prevents  binding  and 
unequal  spring  action  when  one  side  of  the  frame  is  unduly  raised 
or  depressed,  the  solid  method  of  fixing  the  rear  end  resulting  in  a 
double  action  on  the  part  of  one  spring,  due  partly  to  the  tilting  of  the 
body  and  partly  to  spring  action  itself.  With  the  pivot  joint,  the 
spring  first  swings  about  this  point  until  a  position  of  equilibrium  is 
established,  when  the  suppleness  of  the  spring  comes  into  action,  the 
result  being  a  deflection  of  half  what  it  would  be  in  the  other  case. 

This  form  of  spring  is  also  used  with  the  spiral  spring,  the 
latter  taking  the  place  of  the  shackle  between  the  side  and  rear 
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members,  in  this  position  serving  two  purposes:  first y  it  acts  as  a 
connection,  taking  the  place  of  and  doing  the  work  of  a  shackle, 
thus  acting  as  a  universal  and  swinging  joint  between  the  two 
|  springs;  second,  the  spiral  spring  acts  as  a  shock  absorber,  taking  up 
i  road  shocks  within  its  length,  that  is,  in  the  coils,  without  transferring 
any  of  them  to  the  body  proper,  or,  in  case  of  heavier  shocks,  sharing 
with  the  side  and  rear  springs.  This,  of  course,  is  the  true  function 
of  the  springs  to  allow  the  road  wheels  to  pass  over  the  inequalities, 
rising  and  falling  as  may  be  necessary,  while  the  body  travels  along 
in  a  straight  line,  level  and  parallel  with  the  general  course  of  the  road. 

TJnder slinging.  Practically  any  of  the  spring  forms  shown  and 
described  may  be  underslung;  that  is,  attached  to  the  axle  from 
below.  This  is  quite  common  practice  for  semi-elliptic  springs  when 
j  used  in  the  rear,  but  is  very  uncommon  for  front  springs.  Similarly, 
full  elliptics,  whether  having  scroll  ends  or  not,  are  frequently  under- 


Fig.  242.  Special  Semi-Elliptic  Rear  Springs  Formerly  Made  for  Winiton  Cars 
Courtesy  of  Perfection  Spring  Company,  Cleveland,  Ohio 


slung,  The  three-quarter-elliptic  form  when  used  in  the  rear  is  usually 
underslung;  the  platform  spring  not  so  often.  The  cantilever  and 
quarter-elliptic  have  been  mentioned  in  connection  with  the  under¬ 
neath  attachment.  It  should  be  pointed  out  that  the  position  beneath 
the  axle  lowers  the  center  of  gravity  by  an  amount  equal  to  the 
thickness  of  the  spring  plus  the  diameter  of  the  axle,  plus  twice  the 
thickness  of  the  attaching  means,  and  this,  too,  without  interfering 
with  the  quality  or  quantity  of  the  spring  action.  In  the  case  of  the 
cantilever,  the  effect  of  underslinging  is  to  reduce  the  straightness  of 
the  spring.  That  is,  the  form  when  attached  above  the  axle  is  almost 
straight,  while  the  form  when  fastened  below  the  axle  is  very  much 
curved — has  considerable  “opening”,  as  the  spring  man  calls  it. 

Special  Forms  of  Springs.  Winton.  Many  makers  use  their 
own  special  form  of  springs.  Fig.  242  shows  the  spring  formerly  used 
on  the  Winton  cars,  a  type  which  might  be  described  as  a  double- 
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purpose  spring.  It  was  made  in  two  parts,  the  lower  part  consisting 
of  a  regular  semi-elliptic  flat  spring,  while  the  upper  part  was  a 
semi-elliptic  flat  spring  with  scroll  ends.  The  central  part  of  the 
spring  was  treated  as  one,  being  attached  to  the  axle  in  the  usual 
manner;  the  ends,  however,  had  a  peculiar  appearance,  due  to  the 
upper  and  lower  halves  of  the  spring  being  of  different  shape.  The 
scroll  end  of  the  upper  part  was  supposed  in  itself  to  absorb  many  of 
the  small  road  shocks.  The  spring  was  loosely  attached  to  the  frame 
at  each  end  by  means  of  a  double  shackle,  made  necessary  by  the 
double  action  of  the  spring;  the  tendency  to  flatten  out  increased 
its  length,  thus  calling  for  a  forward  motion  of  the  front  and  a  back- 


Fig.  243.  Three-Quarter  Scroll  Elliptic  Springs  on  Winton  Car 

ward  motion  of  the  rear  ends,  while  the  different  lengthening  action, 
due  to  the  difference  in  the  lengths  of  the  two  parts  of  the  spring  itself, 
resulted  in  a  turning  about  a  different  point. 

For  comparison  with  this  earlier  Winton  spring,  the  latest  form 
is  shown  in  Fig  243.  It  will  be  seen  that  the  three-quarter-elliptic 
form  has  been  adopted,  with  a  kick-up  at  the  rear  end  of  the  frame. 
If  the  two  be  compared  somewhat  closely,  it  will  be  seen  that  the 
only  change  in  the  frame  part  is  the  kick-up.  The  new  springs  show 
the  scroll  ends  to  which  Winton  has  always  been  partial. 

Ford.  The  form  of  the  Ford  spring  has  always  been  distinctly 
different.  Fig.  244  shows  the  front  and  Fig.  245  the  rear  spring  used 
on  Ford  cars,  the  distinction  in  the  front  spring  being  principally 
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in  the  use  of  a  single  ordinary  inverted  front  spring  set  across  the 
frame  on  top  of  the  axle,  where  most  makers  use  a  pair  of  side  springs 
set  parallel  to  the  frame.  This  form  is  simple  and  cheap  to  make 
and  assemble,  the  cost  of  the  spring  itself,  and  the  work  of  putting 
it  on  being  just  about  half  that  of  the  spring  attachment  of  the 
ordinary  two-spring  type.  On  the  other  hand,  excellent  riding  qual¬ 
ities  are  claimed  for  it.  A  second  distinction  is  that  the  spring  is 


Fig.  244.  Special  Vanadium  Front  Spring  for  Ford  Cars 
Courtesy  of  Ford  Motor  Car  Company,  Detroit,  Michigan 


an  inversion  of  the  usual  semi-elliptic  type,  the  set  of  the  spring 
being  downward  instead  of  upward.  A  third  claim  to  distinction  is 
in  the  use  of  vanadium  steel,  which  is  claimed  to  have  a  higher 
tensile  and  compressive  strength  than  any  other  steel,  and  to  be 
practically  unbreakable  in  torsion.  This  steel  is  also  being  used  in 
many  other  parts,  such  as  crankshafts,  camshafts,  fender  irons, 
frames,  driveshafts,  etc.,  resulting  in  a  very  light-weight  car,  since 


Fig.  245.  Rear  Spring  of  the  Ford  Car 


the  greater  strength  of  the  material  allows  the  use  of  smaller  sections 
for  equivalent  strength. 

The  Ford  rear  spring  has  all  the  claims  to  distinction  of  the 
front  spring,  and,  in  addition,  a  hump  at  the  center.  Fig. 245  shows 
this  clearly,  the  rear-frame  cross  member  being  only  partly  shown. 
It  will  be  noted  that  both  ends  of  both  springs  are  shackled,  the  con¬ 
struction  necessitating  this.  These  springs  represent  quite  a  radical 
departure,  the  success  of  which  has  been  proved  in  actual  practice. 
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Alda.  An  interesting  foreign  copy  of  the  Ford  spring  is  shown 
in  Fig.  246,  this  being  the  rear  suspension  of  the  Alda  (French)  car. 
In  this,  however,  all  the  simplicity  and  low  cost  of  the  Ford  are  lost, 
only  the  shape  of  the  main  spring  being  left.  Note  how  its  center 
is  supported  by  a  flexible  cross  member,  the  ends  of  which  are  in 


Fig.  246.  Alda  (French)  Spring  Suspension,  Resembling  Ford  Construction 
but  More  Complicated 

turn  attached  to  the  rear  corners  of  the  main  frame  by  means  of 
spiral  springs.  Further,  the  lower  ends  are  attached  to  the  axle  by 
means  of  a  swivel,  which  allows  fore-and-aft  movement,  this  in  turn 
being  restricted  by  means  of  a  shock  absorber  fixed  between  frame 
and  axle.  This  complicated  affair  bears  little  resemblance  to  the 


Fig.  247.  Complete  Chassis  Frame  of  Detroit  Electric,  Showing  Form  of  Springs 
Courtesy  of  Anderson  Carriage  Company,  Detroit,  Michigan 

simple,  efficient,  and  modest-priced  Ford  spring,  while  the  added 
parts  give  extra  weight,  besides  increased  wear  and  noise. 

Underslung  Frames  Call  for  Different  Springing.  The  practice 
of  underslinging  the  frames,  that  is,  of  hanging  them  below  the 
springs,  rather  than  supporting  them  on  top  of  the  springs,  calls  for 
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a  difference  in  the  springing.  This  method  of  carrying  the  frame 
and  body — so  general  on  locomotives  and  adopted  to  a  certain  extent 
for  automobiles  a  few  years  ago — is  now  dying  out.  The  firms 
formerly  using  this  method  have  gone  out  of  business  or  have  changed 
to  a  more  standard  springing,  so  that  today  there  is  no  car  built 
which  is  wholly  under  slung. 

Electric=Car  Springs.  The  spring  suspension  in  electric  cars 
is  similar  to  that  in  gasoline  cars;  the  same  might  be  said  also  of 
steam-propelled  cars,  although  very  few  of  the  last  named  are  now 
being  made.  In  the  complete  chassis,  shown  in  Fig.  247,  the  springs 
are  of  the  semi-elliptic  type  in  front  and  full-elliptic  scroll-ended  in 
the  rear.  The  front  springs  are  shackled  at  the  rear  end,  while 
the  rear  springs  are  fixed  top  and  bottom,  and  shackled  both  front 
and  rear. 

Spring  Lubrication.  All  springs  are  now  fairly  well  lubricated, 
and  all  shackles  are  provided  with  grease  cups  and  other  points  of 
attachment  to  the  frame,  with  oil  holes.  Where  the  springs  are 
pivoted  on  either  frame  or  axle,  a  big  grease  cup  is  usually  furnished. 
In  addition,  it  is  now  realized  that  the  maker  can  prevent  much  of 
the  noise  formerly  coming  from  dry  and  perhaps  rusted  steel  spring 
plates  working  over  one  another.  There  are  several  ways  in  which 
this  is  accomplished:  the  springs  are  made  with  an  internal  lip  or 
groove,  which  is  filled  with  lubricant  when  assembling;  or  between 
each  pair  of  spring  leaves  is  placed  an  insert,  having  a  series  of  oil 
pockets  throughout  its  length,  each  filled  with  lubricant  normally 
held  in  by  means  of  a  membrane  cover.  The  movement  of  the 
spring  plates  and  the  heat  generated  thereby  start  the  lubricant 
flowing  to  all  parts.  An  even  later  method  is  the  attachment  of 
external  cups,  provided  with  a  wick,  which  goes  around  the  spring 
leaves  and  is  pressed  against  their  sides.  The  wick  is  kept  wet 
with  lubricant  from  the  cups,  and  the  motion  of  the  spring  leaves, 
together  with  the  capillary  action  in  the  wick,  draws  the  oil  in 
between  the  leaves. 

Spring  Construction  and  Materials.  A  study  of  the  illustrations 
used  will  show  that  practically  all  modern  springs  are  clipped  together, 
the  number  of  these  clips  varying  with  the  length  of  the  spring  and  the 
use  to  which  it  will  be  subjected.  Thus,  Winton,  Fig.  243,  shows 
three  clips  and  a  band.  Some  show  as  many  as  five  clips  and  two 
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bands.  But  none  indicate  the  use  of  spring  ears,  very  small  projec¬ 
tions  on  the  ends  of  the  leaves,  which  are  bent  over  the  edge  of  the 
leaf  next  below  it  to  assist  in  holding  the  spring  together,  but  they 
are  in  quite  general  use.  Altogether  there  are  about  14  or  15  forms 
of  spring  leaf  ends,  but  those  in  general  use  may  be  reduced  to  seven. 
These  are:  the  oval;  the  round  point;  the  short  French  point,  a  modi¬ 
fication  of  the  oval;  the  round  end  with  slot  and  bead;  the  ribbed 
form,  widely  used  on  motor  trucks;  the  square  point  tapered;  and 
the  diamond  point. 

In  addition,  sizes  have  been  standardized  in  America  to  the 
extent  that  only  five  widths  are  used  for  pleasure  cars  and  seven  for 
motor  trucks.  Those  for  the  former  are:  1§,  If,  2,  2\,  and  2\  inches; 
for  the  latter:  2,  2|,  2|,  3,  3J,  4,  and  4J  inches. 

As  the  automobile  business  has  called  for  better  stand-up 
qualities  under  more  severe  conditions  of  use,  the  quality  of  steel 
used  has  been  greatly  improved,  and  other  materials  are  better.  The 
French  make  excellent  springs — many  of  our  best  automobile  manu¬ 
facturers  going  abroad  for  their  springs  for  this  reason — but  American 
springs  are  improving  in  quality  so  rapidly  that  this  is  becoming 
unnecessary.  Formerly  all  springs  were  of  a  plain  carbon  stock,  but 
now  a  great  deal  of  silicon,  manganese,  and  vanadium  steel  are  being 
used.  Some  chrome  and  chrome-nickel  steel  have  also  been  tried. 

SPRING  TROUBLES  AND  REMEDIES 

Usual  Spring  Troubles.  Lubrication.  The  average  repair  man 
is  apt  to  have  more  call  to  lubricate  the  leaves  of  a  spring  than  any 
other  one  thing  in  connection  with  springs.  True,  they  lose  their 
temper,  sag,  and  show  signs  of  losing  their  set;  plates  break  in  the 
middle,  at  the  bolt  hole,  and  near  the  ends  of  the  top  plate;  and  inside 
plates  break  in  odd  places.  More  frequently,  springs  make  an 
annoying  noise,  a  perceptible  squeak  because  the  plates  have  become 
dry  and  need  lubricating.  When  this  happens,  and  the  up  or  down 
movement  of  the  car  rubs  the  plates  over  one  another,  dry  metal  is 
forcibly  drawn  over  other  dry  metal  with  which  it  is  held  in  close  ! 
contact;  naturally,  a  noise  occurs. 

To  take  care  of  this  job,  it  is  well  to  construct  a  spring  leaf 
spreader.  Of  course,  the  job  is  best  done  by  jacking  up  the  frame, 
dismounting  the  spring  entirely,  taking  it  apart  and  greasing  each 
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side  of  each  plate  thoroughly  with  a  good  graphite  grease,  then 
reassembling,  and  putting  back  under  the  car.  This  is  the  best 
way,  but  it  costs  the  most  and  few  people  will  have  it  done.  Some¬ 
times  spring  inserts  are  used;  these  are  thin  sheets  of  metal  of  the 
width  and  length  of  the  spring  plates,  having  holes  filled  with  lubri¬ 
cant  over  which  is  a  porous  membrane. 

For  the  ordinary  spreading  job,  the  plates  must  be  pried  apart 
and  the  grease  inserted  with  a  thin  blade  of  steel,  for  instance,  a 
long-bladed  knife.  To  spread  the  leaves,  jack  up  the  frame  so  as 
to  take  off  the  load,  then  insert  a  thin  point  and  force  it  between  a 
pair  of  leaves.  In  Fig.  248,  two  forms  of  tools  for  doing  this  forcible 
separation  are  shown.  The  first  is  a  solid  one-piece  forging  with 


Fig.  248.  Handy  Tools  for  Spreading  Spring  Leaves  to  Insert  Lubricant 


the  edges  hardened.  It  is  used  by  sliding  the  edges  over  the  ends 
of  the  spring  leaf,  then  giving  it  a  twist  to  force  it  in  between  them, 
as  shown  in  the  figures.  The  second  tool  is  intended  to  be  forced 
between  two  plates  by  drawing  back  on  the  handle. 

Tempering  or  Resetting  Springs.  When  springs  lose  their 
temper  or  require  resetting,  it  is  better  for  the  average  repair  man 
to  take  them  to  a  spring  maker;  this  is  a  difficult  job,  requiring 
more  than  ordinary  knowledge  of  springs,  their  manufacture,  hard¬ 
ening,  annealing,  etc.  When  springs  are  in  this  condition,  they 
sag  down  under  load  and  have  no  resiliency.  If  a  great  many  springs 
are  handled,  a  rack  like  that  shown  in  Fig.  249  is  well  worth  making 

Broken  Springs.  When  springs  break,  there  is  but  one  shop 
remedy,  a  new  plate  or  plates.  But  when  they  break  on  the  road, 
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it  is  necessary  to  get  home.  When  the  top  plate  breaks  near  the 
shackled  end,  repair  this  sufficiently  to  get  home  by  using  a  flat  wide 


Fig.  249.  Simple  and  Well-Designed  Spring  Rack 


bar  with  a  hole  in  one  end  big  enough  to  take  the  shackle  bolt;  bolt 
this  to  the  spring  in  place  of  the  end  of  the  leaf  which  is  broken. 

SHOCK  ABSORBERS 

Function.  The  ordinary  flat-leaf  springs  of  any  of  the  types 
previously  described  are  by  themselves  inadequate  for  automobile 
suspensions.  When  the  springs  are  made  sufficiently  stiff  to  carry 
the  load  properly  over  the  small  inequalities  of  ordinary  roads,  they 
are  too  stiff  to  respond  readily  to  the  larger  bumps.  The  result  is  a 
shock  or  jounce  to  the  passengers.  When  the  springs  are  made  lighter 
and  more  flexible  in  order  to  minimize  the  larger  shocks,  the  smaller 
ones  have  too  large  an  influence,  thus  keeping  the  body  and  its  pas¬ 
sengers  in  motion  all  the  time.  These  two  contradictory  conditions 
have  created  the  field  for  the  shock  absorber. 

This  is  generally  a  form  of  auxiliary  spring,  the  function  of  which 
is  to  absorb  the  larger  shocks,  leaving  the  main  springs  to  carry  the 
ordinary  small  recoils  in  the  usual  manner;  in  short,  to  lengthen  the 
period  of  shock.  This  is  done  in  a  variety  of  ways,  and,  as  might  be 
expected,  by  a  great  variety  of  devices. 

General  Classes  of  Absorbers.  The  simplest  forms  of  absorbers 
are  the  ordinary  bumper  or  buffer  of  rubber,  and  the  simple  endless] 
belt  or  strap  encircling  the  axle  and  some  part  of  the  frame  and 
acting  as  the  rubber  pad  does— simply  as  a  buffer.  Of  the  more  com¬ 
plicated  devices  there  are  the  following  classes  of  shock  preventing 
and  absorbing  devices :  Frictional-plate  or  cam,  in  which  the  rotation 
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of  a  pair  of  flat  plates  pressed  together  tightly— one  attached  to  the 
frame,  the  other  to  the  axle — opposes  any  quick  movement  of  the 
two  or  of  either  one  relative  to  the  other;  a  coil  spring  used  alone  and 
in  combination  alone  it  is  used  in  the  plane  of  the  coil  or  at  right 
angles  to  it,  and  parallel  to  the  center  line  about  which  the  coil  is 
wound,  while  in  combination  it  is  found  joined  with  the  simple  leather 
strap  or  with  another  coil  spring  of  equal  or  sometimes  of  lesser 
strength,  in  the  latter  case  the  weaker  one  acting  with  the  main 
springs;  the  flat  leaf  spring,  a  more  simple  description  of  which  would 
be  a  small  duplicate  of  the  main  semi-elliptic  spring  set  on  it  so  as  to 
oppose  its  action;  the  air  cushion;  and  the  liquid  device,  in  simple 
form  and  in  a  combination  with 
j  some  one  or  more  of  the  coil- 
spring  forms. 

FrictionaLPlate  Type.  In 

Fig.  250  is  shown  an  example  of 
the  frictional-plate  type.  This 
consists  of  an  upper  arm  attached 
to  the  frame  and  having  at  its 
outer  end  a  frictional  plate  in  con¬ 
tact  with  a  similar  plate  at  the 
upper  and  outer  end  of  the  other 
arm  pivoted  to  the  axle.  The  two 
plates  are  pressed  together  by 
means  of  the  nut  seen  in  the  cen¬ 
ter,  this  being  resisted  by  the 
spring  beneath  it  and  the  slightly 
arched  surfaces  of  the  plates. 

When  a  sudden  bump  tends  to 
raise  the  axle,  it  must  turn  the  two  faces  of  metal  across  one  another 
to  the  limit  before  it  can  lift  the  body.  As  will  be  seen,  this  means  a 
considerable  distance,  and  it  can  be  made  relatively  greater  by  clamp¬ 
ing  the  nut  up  tighter,  thus  increasing  the  friction  between  the 
surfaces,  and,  therefore,  requiring  greater  force  to  turn  them.  Because 
of  this  adjustable  quantity  of  friction,  this  type  is  called  the  governed 
friction  type. 

When  cams  are  used,  practically  the  same  result  is  obtained, 
except  that  the  device  is  necessarily  more  complicated.  The  cam 


Fig.  250.  Hartford  Governed  Friction  Type 
of  Shock  Absorber 

Courtesy  of  Hartford  Suspension  Company , 
Jersey  City,  New  Jersey 
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Fig.  251.  Laporte  Passive  Range  Friction  Type  of 
Shock  Absorber 

Courtesy  of  Charles  Laporte,  Detroit,  Michigan 


action  generally  generates  some  heat,  and  for  this  reason  this  form 
of  shock  absorber  is  usually  enclosed,  and  the  interior,  where  the 
cam  works,  is  filled  with  grease  or  very  heavy  oil. 

A  modification  of  the  plain  frictional-plate  form  is  seen  in  Fig.  251, 

which  is  called  a  passive 
range  absorber,  because, 
for  ordinary  movements 
of  the  springs  to  which 
it  is  attached,  it  does 
not  come  into  action. 
When  the  usual  spring 
action  is  exceeded,  how¬ 
ever,  as  in  a  sharp 
jounce,  the  device  be¬ 
comes  effective.  It  ap¬ 
pears  much  like  the  Hart¬ 
ford  just  shown,  but  the 
construction  is  decidedly 
different.  The  upper  or  frame  arm  is  threaded  to  receive  an  Acme- 
threaded  screw,  which  is  carried  by  the  lower  or  axle  arm.  The 
action  of  screwing  this  out  tends  to  force  the  plate  on  the  lower  arm, 
which  must  move  outward  with  the  screw  against  a  rubber  washer 

held  firmly  by  the  out¬ 
side  nut  and  cover  plate. 
Thus,  the  scissors  action 
of  the  two  arms  on  a 
sudden  movement  is  re¬ 
sisted  by  the  compres¬ 
sion  of  the  rubber  washer. 
This  compression  can  be 
increased  or  decreased  by 
tightening  or  loosening 
the  slotted  outside  nut, 
so  that  the  screw  is 
given  less  or  more  movement.  The  rubber  washer  is  made  with  a 
series  of  holes  in  it  to  allow  of  compression. 

Coil  Springs,  Alone  and  in  Combinations.  Springs  Alone.  \ 
The  coil  spring  absorber  is  probably  the  most  widely  used  form, 


Fig.  252.  Acme  Torsion  Spring  Fitted  to  Three-Quarter 
Elliptic  Gears 

Courtesy  of  Acme  Torsion  Spring  Company,  Boston, 
Massachusetts 
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Fig.  253.  Sager  Equalizing  Springs  Are  Very 
Simple  in  Construction 

Courtesy  of  J.  H.  Sager  Company,  Rochester,  New  York 


primarily  because  it  is  both  good  and  cheap;  furthermore,  it  is 
simple  and  adds  little  weight.  In  most  instances  the  coil  is  so 
placed  as  to  compress  along 
the  direction  of  its  center 
line.  One  device,  however, 
the  Acme,  shown  in  Fig.  252, 
works  at  right  angles  to  this. 

It  consists  of  a  pair  of  coils, 
the  two  ends  of  each  being 
so  constructed  as  to  go  on 
the  ends  of  the  shackle  bolts 
in  place  of  the  usual  shackle. 

When  the  shackle  is  re¬ 
moved,  one  pair  of  ends  is 
[fastened  to  the  spring  in 
place  of  the  shackle,  while 
:  the  other  pair  of  ends  is  fixed 
to  the  frame  or  the  other 
part  of  the  spring,  as  the 
case  may  be.  Note  that  this  arrangement 
brings  one  of  the  coils  on  either  side  of  the 
main  spring  end,  extending  away  from  it 
in  a  horizontal  plane.  In  this  position, 
the  torsion  spring  acts  as  a  spring  shackle, 
absorbing  the  jounces  and  bounces  so 
that  they  do  not  reach  either  the  body, 
the  attaching  point,  or  the  other  half  of 
the  spring,  as  the  case  may  be. 

Fig.  253  is  a  simple  coil  spring  of 
barrel  shape,  that  is,  the  end  coils  are 
smaller  than  those  in  the  center  and  are 
set  between  frame  and  axle  in  such  a 
way  that  they  absorb  the  jounces  directly. 

This  is  probably  the  simplest  possible 
shock-preventing  device,  consisting  only 
of  the  spring  and  its  top  frame  and 
bottom  axle  connections.  These  are 

made  in  four  sizes  of  wire,  varying,  from  yb  inch  up  to  Jf  inch. 


Fig.  254.  K-W  Spring  Type  of 
Road  Smoother 
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Fig.  255.  Hoover  Shock  Absorber, 
a  Spring  and  Strap  Combination 
Courtesy  of  W.  H.  Hoover  Company, 
New  Berlin,  Ohio 


In  the  K-W  road  smoother  shown  in  Fig.  254,  the  action  of  the  ] 
spring  is  opposed  bv  an  air  chamber  at  the  top  creating  a  balance.! 

A  shock  which  causes  the  spring  to  move] 
is  opposed  by  the  spring  itself  while  the 
rebound  or  reaction  is  opposed  by  the; 
air  compressed  in  the  air  chamber. 

Combinations.  Probably  exceeded  in 
simplicity  only  by  the  two  forms  just1 
shown  is  the  type  in  which  a  coil  spring 
and  leather  band  or  strap  are  combined. ' 
One  of  these,  the  Hoover,  is  shown  in 
Fig.  255.  It  will  be  seen  that  the  spring  i 
end  is  fastened  to  the  body,  while  the 
strap  is  attached  to  the  lower  end  of  the  ] 
spring  and  encircles  the  axle.  Hence,  thisj 
will  not  interfere  with  upward  movements  ] 
of  the  axle  but  only  with  the  downward  ones.  That  is,  the  axle  is  I 
free  to  rise,  but  as  soon  as  the  car  body  starts  to  rise,  the  strap- 1 
spring  combination  acts  to  prevent  it.  This  is  particularly  true  if 

the  axle  has  reached  the  limit  j: 
of  its  motion  and  has  started! 
downward  before  the  body] 
starts  upward.  In  that  casej 
the  body  can  move  upward j 
only  the  amount  of  slack  in 
the  strap  plus  the  give  of  the 
spring,  but  minus  the  amount 
the  axle  has  already  moved  : 
downward.  This  inexpensive ;; 
arrangement  has  found  great  j 
favor  on  small  cars. 

Double-Coil  Spring  Types.  ] 
In  principle  the  use  of  two  i 
springs  is  not  different  from 
the  use  of  one.  For  structural 
reasons,  however,  it  is  easier  to  attach  the  two-spring  form,  while  divid¬ 
ing  the  load  up  into  two  parts  allows  of  the  use  of  smaller  diameters  and 
smaller  sizes  of  wire,  thus  making  the  device  appear  more  compact. 


Fig.  256.  J.  H.  S.  Shock  Absorber  Has 
Twin  Springs  Encased 
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One  of  the  two-spring  forms,  the  J.  H.  S.,  is  shown  in  Fig.  256.  It 
.  consists  of  a  pair  of  cylinders  with  coil  springs  within.  The  tops  of 
the  two  cylinders  are  joined  by  a  pin,  and  this  joining  pin  is  attached 
to  the  lower  leaf  of  the  spring.  Inside  the  cylinders,  pistons  are  set 
above  each  spring,  and  these  are  connected,  this  connection  being 
used  for  the  other  half  of  the  spring.  At  the  bottom,  external 
bands  on  each  of  the  two  cylinders  are  connected  so  as  to  keep  them 
parallel  at  all  times.  Thus  any  movement  of  the  lower  part  of  the 
j  main  leaf  spring  upward  tends  to  draw  the  enclosure  for  both  shock- 
j  absorbing  springs  upward.  The  springs  themselves  resist  this,  and 
\  absorb  a  large  part  of  the  movement  both  in  force  and  distance. 

Flat=Plate  Recoil  Springs.  The  third  class,  or  flat-leaf  spring, 
is  a  semi-elliptic  unit  in  miniature.  It  is  placed  upon  the  top  of  the 
ordinary  semi-elliptic,  but  reversed,  and  with  a  spacing  plate  between 
the  two.  The  object  of  this  is  to  prevent  recoil  and  eliminate  the 
rebound  of  the  car  body  without  restricting  the  flexibility  of  the 


Fig.  257.  Ames  Equalizing  Spring  Is  a  Simple  Small  Inverted  Semi-Elliptic 
Courtesy  of  Clarence  N.  Peacock  and  Company ,  New  York  City 

main  springs.  As  shown  in  Fig.  257,  the  Ames  equalizing  spring  is 
constructed  along  these  lines.  As  will  be  noted,  this  allows  all 
downward  movement  of  the  spring,  having  no  influence  thereupon, 
but  when  the  recoil,  the  upward  equal  and  opposite  reaction  comes, 
the  smaller  upper  spring  opposes  this  reaction  and  minimizes  it,  so 
that  little  or  none  of  it  reaches  the  body  or  the  passengers. 

Air  Cushion.  Perhaps  the  most  complicated  form  of  shock 
absorber,  certainly  the  most  expensive  and  at  the  same  time  the 
most  efficient,  is  the  air  cushion.  This  consists  of  a  pair  of  telescop¬ 
ing  cylinders  attached — one  to  the  frame,  the  other  to  the  spring. 
When  road  obstructions  cause  the  spring  to  rise  it  pushes  its  cylinder 
upward,  but  this  movement  is  resisted  by  the  air  inside  of  the  cylin¬ 
ders.  With  this  amount  of  air  properly  proportioned  to  the  size  and 
weight  of  the  car  and  its  load,  all  this  upward  movement  will  be 
absorbed  and  none  of  it  reach  the  body  and  its  occupants. 

This  rough  outline  describes  the  Westinghouse  air  spring,  shown 
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in  cross  section  in  Fig.  258. 
In  order  to  handle  the  air 
pressure  and  keep  the  cyl¬ 
inders  within  the  commer¬ 
cial  limits,  oil  is  also  used 
in  the  cylinders.  This  re¬ 
duces  the  volume  of  con¬ 
tained  air;  but,  for  each  inch 
the  device  is  compressed, 
the  air  is  reduced  by  a 
greater  percentage  of  its 
original  volume,  conse-  j 
quently  the  resistance  to 
compression  is  greater  than 
it  would  be  without  the  oil. 

In  the  drawing,  A  is  ^ 
the  upper  section  of  the 
cushion  chamber,  telescop¬ 
ing  into  the  lower  section 
made  up  of  tube  B  and 
crosshead  E.  The  outer 
tube  C  is  simply  a  guard. 

A  steel  casting  D  is  bored 
out  to  form  a  guide  for  the 
outer  tube  and  crosshead, 
and  has  a  rectangular  pad 
F  machined  for  bolting  the  j 
whole  device  to  the  bracket 
attached  to  the  frame  of  the 
car.  A  shackle  G  is  fastened 
to  the  end  of  the  car  spring 
I  and  is  pivoted  to  the  cross-  ;• 
head  E.  Packing  ring  H  is 
used  to  make  the  inner  cyl¬ 
inder  a  tight  fit  in  the  outer 
casing.  A  breather  J  is  [i 
formed  on  the  side,  through 
which  air  is  drawn  by  the 
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upward  movement  of  tube  B  through  the  medium  of  the  tight¬ 
ness  of  packing  ring  H,  just  mentioned,  and  this  air,  on  the  down¬ 
ward  movement,  is  forced  through  the  passage  K  to  a  port 
partly  surrounding  tube  B.  There  is  no  packing  ring  between  this 
tube  and  its  guide  D,  so  the  air  blows  out  and  keeps  the  contacting 
surfaces  clean.  A  further  protection  is  afforded  by  the  felt  wiper 
ring  L ,  which  retains  the  grease  in  the  groove  just  above  it.  0  is  a 
rod  connecting  the  two  front  or  rear  springs.  At  the  top  is  the 
screw  cap  M,  covering  the  air  valve  N,  which  is  designed  to  be  used 
just  as  the  air  valve  in  a  tire. 


Fig.  259.  Westinghouse  Air  Spiings  Applied  to  the  Rear  of  Pierce  Limousine 


The  lower  part  of  the  device  is  filled  with  oil  up  to  a  level  which 
approximates  the  line  Z,  all  above  this  being  air  under  pressure. 
Consequently,  the  device  actually  compresses  the  air  through  the 
medium  of  the  oil,  which  is  incompressible.  This  oil  forms  a  seal  for 
the  air  chamber  and  prevents  its  leakage,  although  the  oil  itself  is 
allowed  to  leak  through,  this  leakage  being  pumped  back  auto¬ 
matically  by  the  action  of  the  springs.  This  works  out  as  follows: 
In  what  might  be  called  the  piston,  although  it  is  not,  because  it  does 
not  move — the  other  parts  moving  relative  to  it — there  is  the  plain 
leather  packing  ring  P  and  the  cup  leather  R  held  out  against  the 
sides  of  the  cylinder  by  the  conical  ring  and  spring. 

The  small  amount  of  oil  which  does  leak  past  the  packing  rings 
P  and  R  is  caught  in  the  annular  chamber  S,  whence  it  flows  down 
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through  the  vertical  (dotted)  passage  Q  into  the  chamber  just  below 
the  ball  valve  T.  In  the  center  is  a  hollow  plunger  U  of  a  single- 
acting  pump.  This  has  two  collars  on  its  upper  end,  V  and  W,  and 
between  them  a  disk  X.  This  almost  fills  the  passage  just  above  it. 
The  plunger  is  held  down  by  the  light  spiral  spring  shown  pressing 
on  the  collar  V . 

When  a  road  obstruction  is  met  and  the  spring  rises,  crosshead 
E  rises  and  the  upward  movement  of  the  oil  takes  the  disk  X  upward 
until  it  strikes  and  carries  with  it  collar  V;  this  lifts  the  plunger  and 
draws  in  a  charge  of  oil.  When  the  air  compressed  in  the  upper  . 
chamber  of  the  device  expands,  and  the  car  spring  I  and  crosshead 
E  go  down  again,  the  oil  flows  in  the  opposite  direction,  carries  disk  \ 
X  down  against  collar  W,  and  forces  the  plunger  downward.  Then  j 
the  oil  passes  the  ball  check  7,  goes  through  the  hollow  plunger,  and 
is  discharged  back  into  the  upper  or  air  chamber.  In  the  first  place  I 
the  oil  is  put  in  by  taking  off  cap  M  and  taking  out  the  air  valve  N. 
Then  a  special  single-acting  oil  gun  is  used  to  force  it  in,  a  long  nozzle 
being  necessary  to  reach  down  into  the  interior,  with  a  stop  to  limit 
this  downward  distance.  The  maker  recommends  that  an  excess  be 
put  in,  and  then  slowly  drawn  off  to  the  right  level. 

As  will  be  seen  from  the  foregoing,  this  device  is  essentially  an 
air  spring,  and  the  air  cushion  does  the  work;  but  it  is  the  oil  below 
it,  with  its  permissible  leakage  and  with  a  pump  to  return  this  leaking 
oil,  which  makes  this  device  practicable.  In  order  to  show  the 
exterior,  the  part  which  most  persons  would  see  and  remember,  Fig. 
259  is  presented.  This  figure  shows  the  rear  end  of  a  Pierce  limousine  ’ 
equipped  with  a  pair  of  the  Westinghouse  air  springs.  Note  breather, 
tie  rod,  cap  at  the  top,  cast  guide  at  the  bottom,  and  other  parts 
previously  shown  and  described. 

Hydraulic  Suspensions.  The  majority  of  the  hydraulic 
devices  developed  as  shock  absorbers  consist  of  turning  vanes  con¬ 
nected  to  the  axle  or  spring,  enclosed  in  a  liquid-tight  case  filled  with 
some  heavy  oil.  There  is  a  hole  of  small  diameter  in  the  case  which 
connects  the  two  sides  of  the  vane,  its  motion  forcing  the  fluid 
through  this  hole.  Thus  the  spring  action  simply  pumps  the  oil  from 
one  side  of  the  vane  to  the  other  and  back  again,  the  resistance  to  the 
flow  of  the  liquid  and  that  produced  by  the  small  boles  absorbing 
all  the  energy  of  the  road  shocks. 
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FRONT  AXLES 

TYPES 

Generally  speaking,  front  axles  may  be  divided  into  about  five 
classes,  the  Elliott,  the  so-called  reversed  Elliott,  the  Lemoine,  the 
front-drive  form,  and  the  fifth- wheel  form. 

These  typical  forms  of  axles  are  themselves  subject  to  further 
subdivisions.  For  example,  there  are  many  different  forms  of  Elliott 
axles,  each  manufacturer  having  what  is  practically  his  own  form. 
Again,  the  Lemoine,  when  used  by  other  firms,  has  been  built  in  a 
practically  new  form,  taking  the  second  maker’s  name.  Thus  the 
form  of  front  axle  made  by  Lemoine  for  Panhard  is  so  different  as  to 
be  called  the  Panhard,  and  not  the  Lemoine.  The  same  is  true  of  the 


Lisses  axle  made  by  Lemoine.  In  our  own  country,  it  is  claimed 
that  the  axles  made  by  Timken  are  sufficiently  different  from  the 
Elliott  and  reversed  Elliott,  from  which  the  principle  was  taken,  as  to 
deserve  the  name  of  Timken  axles.  As  previously  stated,  it  should  be 
borne  in  mind  that  in  the  following  description  of  the  various  axle 
types,  the  forms  of  material  and  the  shape,  size,  and  kinds  of  bearings 
used  do  not  alter  the  principle  upon  which  the  axle  is  constructed, 
although  they  do  alter  the  appearance. 

Elliott  Type.  In  general,  a  front  axle  consists  of  a  bed  or  axle 
center;  a  pivot  pin  or  knuckle  pin  upon  which  the  knuckles  may  turn; 
and  the  knuckles  themselves  with  the  attachment  for  turning  them. 
The  Elliott  type,  Fig.  260,  is  of  the  form  in  which  the  end  of  the  axle 
takes  a  U-shape,  this  being  set  horizontal  and  going  over  the  knuckles. 
The  knuckles  have  plain  vertical  ends,  bored  for  the  pivot  pin,  which 
passes  through  and  has  its  bearing  in  the  upper  and  lower  halves  of 
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the  axle  jaw.  In  this  form  the  thrust  comes  at  the  top,  where  the 
axle  representing  the  load  rests  upon  the  top  of  the  knuckles  repre- 
senting  the  point  of  support. 

Reversed  Elliott  Type.  In  the  reversed  Elliott  front  axle,  as-  the 
name  would  indicate,  the  action  is  just  reversed,  in  that  the  axle  end 
forms  a  straight  vertical  cylindrical  portion  bored  for  the  pivot  pin, 
while  the  knuckles  are  so  formed  as  to  have  jaw  ends  which  go  over  j 
the  axle  ends.  The  thrust  comes  at  the  bottom  of  the  knuckle,  j 
where  the  axle  bed  rests  upon  the  upper  face  of  the  lower  jaw  of  the 
knuckle,  the  axle  representing  the  load  and  the  knuckle  the  support, 
just  the  reverse  of  the  previous  case. 


This  will,  perhaps,  be  made  clearer  by  illustrations.  In  Fig.  j 
260,  as  already  mentioned,  the  axle  has  the  jaw  ends,  and  the  thrust  j 
comes  at  the  top.  This  is  indicated  in  the  figure  by  the  letter  A,  | 
which  calls  attention  to  the  thrust  washers  at  the  top.  Fig.  261 
shows  an  axle  of  the  reversed  Elliott  type,  this  being  the  front  axle  - 
for  a  heavy  truck.  In  this  the  thrust  washers  A  are  at  the  bottom, 
and  are  of  hardened  steel,  ground  top  and  bottom  to  a  true  surface,  , 
the  upper  one  being  doweled  to  the  axle,  while  the  lower  is  doweled 
to  the  knuckle.  This  form  has  the  real  advantage  of  concentrating 
all  of  the  difficult  machine  work  and  assembling  it  into  one  piece,  k 
the  knuckle.  The  Elliott  type,  on  the  contrary,  makes  the  knuckle 
and  axle  difficult  pieces  to  handle  in  the  machine  and  afterward,  this 
being  shown  in  the  cost.  Ease  of  machining  the  bed  of  the  axle 
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is  a  great  advantage,  for  the  axle  will  average  about  44  inches  in 
length  for  a  standard  tread  of  56J  inches,  and  longer  for  wider  treads, 
up  to  a  maximum  of  about  48  inches  for  the  wide-tread  standard  in 
the  South. 

The  ordinary  automobile  machine  shop  is  not  fitted  up  for  work 
of  this  size,  particularly  in  machine  tools  other  than  lathes,  and  this 
job  could  not  be  done  on  a  lathe.  The  result  is  that  it  becomes  a  task 
to  handle  it,  necessitating  special  and  expensive  rigging  for  that  one 
job.  This  was  the  case  with  the  axle  shown,  a  boring  mill  of  the  hori¬ 
zontal  type  and  a  large-size  milling  machine  being  used  on  it.  Both 
of  these  had  to  have  special  fixtures,  which  were  useless  at  other  times, 


Fig.  262.  Lemoine  Type  of  Front  Axle  and  Steering  Knuckle 


to  hold  and  machine  these  parts.  At  that,  this  job  was  much  easier 
than  an  axle  of  corresponding  size  in  the  Elliott  type  would  have  been. 

Lemoine  Type.  In  the  Lemoine  type  the  axle  rests  upon  the 
top  of  the  pivot-pin  part  of  the  knuckle,  the  two  being  made  as  one. 
That  is,  the  axle  does  not  have  a  jaw  end  to  embrace  the  end  of 
the  knuckle  as  in  the  Elliott,  nor  does  the  knuckle  have  a  jaw  end 
to  embrace  the  end  of  the  axle,  as  in  the  reversed  Elliott.  The  end 
of  the  axle,  as  Fig.  262  shows,  is  plain  and  cylindrical,  differing  from 
the  axle  end  in  the  reversed  Elliott  only  in  being  carried  up  higher, 
so  as  to  rest  upon  the  top  of  the  knuckle,  the  latter  being  in  the 
normal  position.  One  result  of  this  arrangement,  which  becomes  at 
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once  apparent,  in  relation  to  machining  costs,  is  that  the  axle  is  not 
an  expensive  piece  to  machine.  The  thrust  in  this  form  comes  entirely 
at  the  bottom  upon  the  knuckle,  which,  in  this  case,  must  also 
carry  all  side  shocks,  being  fastened  in  a  sidewise  direction  in  but 
one  point,  viz,  the  bearing  in  the  axle.  That  is  to  say,  the  side 
shocks  on  the  knuckle  are  taken  upon  the  end  of  a  beam  fixed  only 
at  the  other  end,  whereas,  in  both  of  the  other  forms,  the  load  comes 
between  two  points  of  support,  or  is  divided  equally  over  two  sides, 
the  point  of  support  being  midway  between  them.  The  result, 
therefore,  in  this  type  is  that  the  bottom  bearing  must  take  both 
radial  load  and  thrust,  a  difficult  condition  to  meet. 

The  result  of  all  these  things  is  the  same  as  in  a  previous  case, 
viz,  to  make  an  axle  which  is  easy  to  machine,  assemble,  and  handle, 

while  the  difficult  work  is 
concentrated  in  the 
knuckle.  In  addition,  most 
of  the  work  is  done  by  the  • 
knuckle,  having,  as  it  does, 
a  peculiar  condition  of 
loading,  as  well  as  a  double 
office  to  fill,  in  that  the 
7  one  piece  is  both  knuckle 
J  and  pivot  pin.  Notwith¬ 
standing  this  apparent 

Fig.  263.  Inverted  Lemoine  Type  of  Axle  handicap,  theLemoine 

as  Used  on  Overland  Cars  A  7 

form  is  very  popular  both 
abroad  and  in  this  country.  Probably  the  majority  of  French  car 
makers  and  many  in  Germany,  Belgium,  and  England  use  this  type. 

Inverted  Lemoine.  A  novel  type  of  axle  has  been  created  in 
the  1916  Overland  car,  Model  75,  called  an  inverted  Lemoine.  In 
this,  as  Fig.  263  shows,  the  wheel  spindle  or  stub  axle  is  at  the  top 
of  the  steering  knuckle,  instead  of  at  the  bottom,  as  in  the  case  of 
the  regular  Lemoine  type,  Fig.  262.  The  knuckle  has  a  single,  fairly 
long  support  in  the  end  of  the  I-beam  front  axle,  the  forging  being 
much  simpler  on  this  account.  In  fact,  this  makes  the  axle  nearly 
straight,  which  doubtless  accounts  in  large  part  for  this  unusual 
design.  One  real  advantage  of  this  is  that  it  allows  the  car  weight 
to  be  low  in  relation  to  wheel  bearings,  thus  assisting  in  steering. 
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Front=Drive  Type.  When  the  drive  is  taken  through  the  front 
instead  of  the  rear  wheels,  or  when  there  is  a  four-wheel  drive,  steer¬ 
ing  becomes  a  somewhat  complicated  process,  necessitating  a  very 
material  change  in  the  shape  of  the  axle  and  of  the  knuckle;  in  fact, 
these  changes  have  given  rise  to  an  entirely  different  type  of  axle. 
One  of  these  is  shown  in  Fig.  264,  this  being  a  sectional  drawing  of 
the  front  axle  of  a  front-driven  racer.  In  this  car,  as  the  cut  shows, 
the  knuckle  is  placed  very  close  to  the  central  plane  of  the  wheel — 
inside  of  the  wheel  it  may  be  said — and,  since  the  axle  must  transmit 
the  engine  power,  the  knuckle  is  made  with  a  universal  joint,  the 


Fig.  264.  Section  of  Christie  Front-Drive  Mechanism 


center  of  this  being  the  center  of  rotation  of  the  knuckle.  This 
knuckle,  marked  A  in  the  drawing,  can  rotate  about  its  own  center, 
as  when  driven  by  the  engine,  the  rotation  being  in  a  horizontal 
plane.  It  can  also  rotate  partly  about  a  vertical  plane,  this  being 
the  motion  given  to  it  in  steering  the  car  around  a  curve.  Even 
when  the  wheels  are  turned  at  an  angle,  as  in  rounding  a  curve,  the 
power  is  still  applied  through  the  universal  joint  U i. 

In  addition  to  all  this,  the  wheels  must  rise  and  fall  with  road 
inequalities,  while  the  frame  carrying  the  axle  must  remain  station¬ 
ary.  To  care  for  this  difference  in  level,  the  driving  shaft  is  made 
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with  a  second  universal  joint  Uz,  which  is  closer  to  the  engine.  This 
permits  the  wheel  to  be  above  the  crankshaft  level  or  below  it,  or  even 
inclined  to  it,  and  still  have  the  power  applied  in  the  same  manner. 

In  this  construction,  the  coil  spring  S  is  really  the  front  spring 
of  the  car,  while  the  pin  P  inside  of  it,  is  really ’the  pivot  pin  about 
which  the  wheels  turn,  this  pin  being  fixed  to  the  axle,  while  its  ends 
carry  extensions  E  E  of  the  crankcase  and  front-axle  housing.  The 
whole  makes  a  very  complicated  arrangement,  which,  while  some¬ 
what  simplified  by  later  designs,  is  nevertheless  too  complicated  to 
be  readily  understood,  a  fact  which  will  prevent  it  from  becoming 
popular.  A  few  cars  have  been  constructed  with  four-wheel  drive, 
but  all  of  them  present  some  complications. 

Fifth=Wheel  Type.  The  fifth  wheel,  adopted  from  carriage  and 
wagon  practice,  has  been  tried  in  the  automobile  business,  but  chiefly 
for  truck  use.  This  does  not  simplify  matters,  as  would  be  sup¬ 
posed,  but  results,  rather,  in  complications.  Particularly  is  this  the 
case  when  the  drive  is  through  the  fifth-wheel  group  of  units.  In 
this  type  the  two  front  wheels  do  not  turn  about  knuckle  pins,  but, 
with  their  axle,  driving  chains,  springs,  and  differential  gear  turn 
about  a  central  pivot-point  which  is  the  center  of  the  fifth  wheel, 
which  actually  provides  ways,  on  which  the  weight  above  rests  and 
slides  during  the  turning  action.  This  fifth  wheel  is  made  of  large 
diameter,  so  that  the  increased  surface  will  reduce  the  bearing  pres¬ 
sure  per  square  inch  to  such  an  amount  as  the  material  can  with¬ 
stand.  In  one  particular  truck  of  this  type  the  engine  is  located  in 
the  cab  directly  over  the  fifth  wheel,  and  drives  down  to  the  center  of 
the  wheel  through  a  friction  transmission,  which  affords  the  necessary 
speeds. 

This  construction  really  has  little  to  commend  it,  for,  although 
the  simplification  of  the  undivided  front  axle  makes  it  much  stronger 
and  easier  to  construct,  this  is  more  than  offset  by  the  disadvantage 
of  steering,  the  latter  being,  of  course,  a  purely  manual  job.  In 
steering  a  fifth-wheel  form  of  front  axle,  the  driver  must  turn,  not 
only  the  two  regular  wheels  against  the  road  friction,  but  also  the 
whole  dead  weight  of  the  springs,  fifth  wheel,  framework,  and  such 
additional  weight  as  may  be  put  on  the  fifth-wheel  construction. 
The  friction  of  the  two  faces  of  the  fifth  wheel  alone  is  consid¬ 
erable,  so  that  the  extra  manual  labor  involved  is  a  large  and 
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insurmountable  item  in  this  case.  The  thrust  of  the  load,  if  any,  is 
taken  up  by  the  surface  of  the  fifth  wheel,  while  side  shocks  from 
the  road  are  taken  by  the  wheels  themselves,  which  must,  therefore, 
be  made  strong  enough  to  bear  them. 

This  drive  is  used  in  some  cases  because  a  construction  has  been 
sought  in  which  the  whole  power  and  steering  arrangement  would  be 
complete  and  in  such  a  form  as  to  allow  it  to  be  attached  to  the  front 
of  a  wagon,  thus  making  the  old  horse-drawn  outfit  into  a  motor  truck 
at  a  moment’s  notice  without  damaging  it  for  its  original  purpose. 


Fig.  265.  Novel  Front  Axle  Design  Used  on  the  New  Light-Weight  Marmon 
Courtesy  of  Nordyke  and  Marmon  Company,  Indianapolis,  Indiana 


Marmon  Self=Lubricating  Axle.  The  new  Marmon  front  axle, 
Fig.  265,  is  of  the  inverted  Lemoine  type  similar  to  the  Overland 
shown  in  Fig.  263,  but  at  first  glance  it  looks  quite  different.  For 
one  thing,  the  bearing  in  the  axle  end  is  different,  and  in  this  feature 
lies  an  exclusive  and  valuable  feature.  The  stub  axle  pivot  pin, 
made  integral  with  the  stub  axle,  is  placed  in  a  split  bushing,  which 
is  a  tight  fit  at  the  bottom — where  the  thrust  collars  are  formed  in  it — 
and  at  the  top,  but  not  in  the  middle.  When  this  bushing  is  in  place, 
the  knuckle  and  bushing  are  forced  into  the  axle  end  from  above, 
and  a  kind  of  hub  cap  screwed  on  at  the  bottom.  This  holds  it 
permanently  in  place. 
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Near  the  middle  of  the  split  bushing  there  is  a  narrow  slot,  to 
which  a  central  bolt  hole  is  connected.  On  being  assembled,  the 
inside  is  filled  with  lubricant,  which  cannot  escape;  but  as  it  wears 
away,  the  central  bolt  can  be  removed,  more  lubricant  can  be  poured 
in  until  it  is  full,  and  the  bolt  replaced  to  prevent  leakage.  In  this 
way  the  axle  is  self-lubricating,  and  as  the  oil  uses  up  very  slowly,  it  j 
needs  practically  no  attention. 


Fig.  266.  Front  Elevation  of  Car,  Showing  Camber  of  the  Front  Wheels 


Like  the  Overland,  this  arrangement  of  the  axle  end  brings  the 
axle  down  low,  relative  to  the  weight,  and  consequently  steering  is 
made  easier.  The  lowering  of  the  axle  also  brings  the  points  of 
spring  support  down  and  thus  lowers  the  whole  car. 

Camber  Somewhat  Complicates  Axle  Ends.  All  front  wheels 
are  dished,  that  is,  the  spokes  do  not  lie  in  a  flat  plane,  but  in  the 
form  of  a  cone,  with  the  point  of  the  cone  at  the  outer  end  of  the 
hub  and  the  base  of  the  cone  at  the  rim  of  the  wheel.  Now  all  roads 
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and  most  all  pavements  are  made  with  a  camber,  the  center  of  the 
road  being  made  higher  than  the  sides,  so  that  the  road  will  drain. 
This  being  the  case,  it  is  necessary,  in  order  to  have  the  lower  spokes 
plumb  or  perpendicular  to  the  road  surface,  to  throw  the  center  line 
of  the  wheel  out  of  the  vertical  plane  2  or  3  degrees.  This  offset  is 
also  called  camber,  and  it  complicates  the  construction  of  the  axle 
ends  to  such  an  extent  that  they  must  be  machined  with  this  slight 
angle  either  in  the  knuckle  or  in  the  axle,  or  distributed  over  the 
two  places. 

Fig.  266  shows  the  effect  of  this  camber  upon  the  front  appear¬ 
ance  of  the  car,  the  slight  angle  of  the  front  wheels  giving  the  car  a 
bow-legged  appearance. 

Gather  Further  Complicates  Axles.  What  the  carriage  men 
term  “gather”  further  complicates  the  axle  ends.  This  is  the  practice 
of  setting  the  axle  so  that  the  front  wheels  are  closer  together  at 
the  front  than  at  the  rear — that  is  they  toe  in.  The  idea  of  this  is 
to  make  steering  easier,  and  more  particularly  to  make  the  car 
self-steering  on  plain,  level,  straight-ahead  roads.  It  is  scarcely 
noticeable  from  in  front,  but  is  from  above.  Although  many  cars 
still  have  it,  it  is  not  used  as  much  now  as  formerly. 

MATERIALS 

The  materials  which  are  used  for  front  axles  include  the  follow- 
I  ing :  Wood ;  castings  of  steel,  manganese  bronze,  iron,  and  other  metals; 
t  forgings;  drop  forgings;  drawn  or  rolled  shapes;  and  pressed  shapes. 

Wood.  Wood  has  been  used  but  little  for  automobile  front 
axles,  although  one  small  car,  the  Brush,  was  built  with  a  wood  axle. 
This  axle,  which  had  a  round  section,  was  of  selected  hickory  of  about 
3-inch  diameter.  It  carried  drop  forgings  at  the  ends,  which  did  the 
work  of  taking  all  stresses,  thrusts,  and  wear,  the  function  of  the 
wood  axle  bed  being  merely  that  of  a  springy,  pliable  cross  connec¬ 
tion.  As  this  car  was  very  light  in  weight,  the  axle  stood  up  very 
well  under  it,  but  it  is  doubtful  what  it  would  do  on  a  heavier  car. 
The  low  speed  of  the  car  was  also  a  favorable  factor. 

Cast  Axles.  Castings  for  front  axles  have  been  looked  upon 
with  grave  doubt  and  fear  by  designers  and  owners,  because  of 
the  fact  that  road  shocks  are  more  severe  for  front  than  for  rear 
axles,  and  because  of  the  fear  that  a  casting  may  have  a  blowhole 
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or  some  other  defect.  In  addition  to  the  natural  distrust  in  castings 
for  this  work,  it  was  feared  that  such  material  would  crystallize  more 
quickly  than  would  a  better  and  more  homogeneous  material  like 
steel.  There  is,  of  course,  a  certain  amount  of  crystallization  in  all 
materials,  but  far  less  in  a  close-grained,  fine-fibered  structure  like 
forged  or  rolled  steel  than  in  any  form  of  casting.  Aside  from  this, 
castings  present  many  other  advantages  which  are  well  worth  while. 
Thus,  the  spring  pads  may  be  cast  integral  with  the  axle  with  prac¬ 
tically  no  extra  charge,  while  the  same  forged  integral  with  a  drop- 
forged  axle  may  easily  add  several  hundred  dollars  to  the  cost  of  the 
dies.  Again,  with  casting  "patterns,  the  fillets  may  be  changed  easily 
to  give  a  greater  section  here  or  to  reduce  a  section  there,  while  a 
similar  action  with  any  forged  axle  means  a  new  set  of  dies,  costing 
perhaps  $600.  There  are  many  other  machining  helps  which  may 
be  provided  in  cast  axles  without  any  extra  cost. 

Notwithstanding  these  many  advantages,  the  casting  for  the 
front  axle  has  been  and  is  distrusted,  and  the  makers  who  have  used 
it  have  flown  in  the  face  of  popular  prejudice,  for  the  public  has 
mistrusted  it  even  more  than  the  makers.  For  this  reason,  the  cast¬ 
ing  has  been  little  used,  and  the  writer  fails  to  recall  a  single  car 
now  on  the  market  with  a  cast  axle.  The  axle  shown  in  Fig.  313  was 
a  casting  of  manganese  bronze,  but  the  makers,  after  using  the  axle 
for  two  years,  were  forced  to  withdraw  it,  changing  to  a  drop  forging. 

Forgings.  Forgings  as  distinguished  from  drop  forgings  are 
much  used  for  good  front  axles,  but  are  expensive.  The  writer  knows 
of  one  excellent  truck  builder,  striving  to  build  the  best  truck  in  the 
world,  who  is  using  a  hand-forged  front  axle,  the  end  of  which  is 
shown  in  Fig.  261.  It  is  forged  down  from  a  6-inch  bar  of  selected 
steel  and  the  ends  worked  out  so  as  to  leave  the  bed  proper  a  2\-  by 
2J-inch  section,  which  later  has  been  increased  to  3  inches  square. 
This  made  a  very  costly  piece  of  work,  but  the  stand-up  qualities 
shown  in  actual  work  more  than  made  up  for  it  as  long  as  people 
could  be  found  to  pay  the  price  demanded  for  a  truck  made  along 
these  lines. 

Many  smaller  makers  follow  out  the  same  scheme,  the  lighter 
work  allowing  the  axles  to  be  forged  up  much  more  quickly,  more 
easily,  and  more  cheaply.  The  smaller  the  amount  of  material  to 
be  heated,  the  less  difficult  will  be  the  work,  and  the  more  quickly 
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will  progress  be  made.  The  general  trend  of  axle  practice  today, 
however,  is  to  turn  over  the  axle  job  to  specialists  in  that  line,  most 
of  whom  employ  drop  forgings,  drawn-  or  rolled-steel  tubing  with 
drop-forgea  ends,  or  similar  rapid-production  forms  of  construction. 

Drop  Forgings.  Drop  forgings  are  now  more  used  than  any  other 
form,  although  the  first  cost  is  great,  for  the  dies  must  be  very  care¬ 
fully  worked  out  in  a  very  high  grade  of  steel,  the  result  being  a  large 
expense  of  possibly  $600  to  $750  before  a  single  axle  is  turned  out. 

As  a  matter  of  fact,  with  drop  forgings,  after  the  die  is  once 


made,  the  axles  may  be  turned  out  rapidly,  accurately,  and  with 
little  labor  and  cost.  Given  the  dies,  therefore,  there  is  no  doubt 
I  that  this  method  produces  an  axle  at  a  very  low  first  cost.  Moreover, 
the  method  of  itself  produces  good  work,  for  any  process  which 
|  works  steel  or  wrought  iron  over  and  over  again  improves  its  quality, 

I  provided  the  steel  is  not  burned  in  the  process  of  heating.  Not  only 
are  the  majority  of  axles  made  of  drop  forgings,  but  of  those  not  so 
made,  some  part  is  almost  sure  to  be  a  drop  forging,  as,  for  example, 
those  made  of  steel  tubing  which  have  their  ends  or  other  parts 
made  by  the  drop-forging  process. 
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Fig.  267  shows  a  drop-forged  axle  of  a  high  grade  of  steel  which 
is  all  in  one  piece,  as  distinguished  from  those  axles  which  are  drop- 
forged  in  two  pieces  made  exactly  alike  and  then  welded  in  the 
center  to  form  the  complete  unit.  This  welding  process  creates  a 
weakness  in  this  form  of  axle,  which  has  caused  all  reputable  axle 
makers  to  say  of  their  axle,  “forged  in  one  piece”  or  else  ‘  a  solid 
drop  forging”. 

It  will  be  noted,  too,  that  this  axle,  which  is  that  of  a  prominent 
English  car,  partakes  of  the  characteristics  of  the  Panhard  type,  yet 
carries  the  stub-axle  center  line  far  above  the  axle  end,  about  like 
the  Lemoine  would  be  if  reversed.  Note  in  addition  the  large  plain 
bearings  provided,  the  Panhard  lacking  in  bearing  surface. 

Tubular  Axles.  Although  the  majority  of  automobile  front 
axles  are  of  the  I-section,  drop-forged  style,  it  still  is  a  fact  that  the 


axle  may  be  made  in  one  of  several  ways :  the  tubular  shape  with  the 
ends  as  integral  parts  may  be  drop-forged,  or  drawn  or  rolled  steel 
tubing  may  be  used  with  drop-forged,  cast,  or  other  ends  welded  or 
otherwise  fastened  to  it.  The  latter  is  the  more  usual  way,  although 
Fig.  268  is  shown  to  prove  that  the  other  method  is  used.  This  axle 
was  made  and  used  in  1904  when  the  industry  was  still  in  its  infancy.; 
As  will  be  noted,  the  axle  ends  are  made  integral  with  the  bed  or 
center  of  the  axle,  while  the  pads  for  the  springs  are  made  in  two 
halves  and  bolted  up  in  place.  On  the  axle  ends  are  reinforcing  ribs, 
being  placed  at  top  and  bottom,  respectively.  This  form  of  axle  has 
several  advantages  and  not  a  few  disadvantages.  The  welding  is 
dispensed  with,  but  in  its  place  is  a  most  expensive  die,  more  stock 
to  be  worked,  a  heavier  axle  to  handle,  to  machine,  and  to  assemble. 

On  the  other  hand,  the  tubular  form,  in  which  the  ends  are 
welded  or  otherwise  fastened  to  a  tube,  has  the  single  disadvantage 
of  the  fastening.  This  is  more  than  offset  by  the  lowered  first  cost: 
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the  fact  that  tubing  may  be  bought  from  stock,  may  be  sawed  to 
length,  bent,  and  used;  that  the  ends,  whether  drop  forgings,  castings, 
or  something  else,  will  be  small,  easy,  and  cheap  to  machine,  easy 
and  cheap  to  carry  in  stock,  and  easy  to  handle. 

Drojp-Forged  Ends.  Nearly  all  the  ends  for  axles  made  in  this 
way  are  drop  forgings,  very  few  castings  being  used,  while  the  spring 
pads,  or  spring  seats,  as  they  are  sometimes  called,  are  split  into 
upper  and  lower  halves  and  bolted  on. 


Fig.  269.  Front  Axle  of  the  Argyll  Car 
Courtesy  of  Argyll  Motors,  Limited,  Glasgow 


The  loading  conditions  of  all  front  axles  are  such  that  the  load 
rests  on  the  axle  at  two  points  inside  of  the  supporting  points — 
the  wheels.  Thus,  the  continual  tendency  of  the  load  acting  down¬ 
ward  and  of  road  shocks  acting  upward  is  to  bend  the  center  of 
the  axle  still  further  downward.  Since  a  tube  which  has  been  bent 
once  has  been  weakened,  it  follows  that  this  tendency  to  weaken  it 
further  presents  a  source  of  trouble. 

Use  of  Bracing  Rod.  In  many  cases,  the  weakness  of  the  bent 
front  axle  is  overcome  by  bracing  the  axle  from  below,  Fig.  267. 
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The  cut  shows  that  the  axle  is  tubular,  with  drop-forged  ends  fas¬ 
tened  on,  the  method  of  fastening  not  being  shown.  A  saving  is 
here  shown  by  constructing  the  spring  pad  as  a  part  of  the  axle  end 
or  jaw,  thus  making  only  the  two  pieces  to  be  fastened  to  the  axle 
bed,  as  against  the  more  usual  four.  The  drop  forgings  which  form 
the  jaws  are  made  with  an  I-section,  and  a  small  pad  in  the  middle 
of  the  web  of  the  eye,  that  is,  for  the  bottom  part.  This  pad  is 
drilled  for  the  attachment  of  the  cross  stay  or  brace,  each  end  being 
adjustable  to  regulate  the  tension  on  the  brace.  At  the  center, 
another  drop  forging  forms  the  bracket  over  which  the  rod  passes. 

The  parts  of  Fig.  269  may  be  enumerated  as  follows:  A  is  the 
jaw  end,  a  drop  forging;  B  is  the  steering  knuckle;  C  the  pivot  pin 
or  knuckle  pin;  D  the  pin  adjusting  cone;  E  the  thrust  bearing; 
F  the  ball-bearing  cone;  G  the  hub;  H  the  hub  flange;  7i  and  1 2  the 
hub  ball  bearings;  J  the  hub  cap;  A  the  inner  dust  cap;  L  the 
hardened-steel  bushings  for  the  knuckle  pin;  M  the  steering  lever; 
N  the  axle  tube  or  bed;  0  the  axle  brace;  P  the  spring;  Q  the  spokes 
of  the  wheel;  R  the  grease  cup;  and  $  the  extension  for  holding  grease 
to  lubricate  the  bearings  in  the  hubs. 

Pressed=Steel  Axles.  In  1909,  the  pressed-steel  axle  made  its 
appearance,  this  being  one  of  the  latest  developments,  and  for  that 
reason  not  widely  adopted  even  now.  Fig.  270  shows  one  of  the 
forms,  which  consists  of  a  pair  of  pressed-steel  channel  shapes,  one 
slightly  larger  than  the  other,  set  together  with  the  flanges  inward  so 
as  to  form  a  box  shape.  When  thus  set  together  the  two  shapes  are 
riveted  together  by  means  of  a  series  of  rivets  running  vertically . 
along  the  central  part  of  the  channels. 

The  ends  consist  of  drop  forgings,  machined  down  to  the  exact 
space  between  the  two  channels  when  assembled,  and  then  set  into 
place  between  the  ends  and  riveted.  Being  machined  to  a  fit,  and 
riveted  through  sideways  from  above  and  from  below,  these  are  as 
firmly  fixed  to  the  bed  as  if  made  one  with  it.  This  axle  is  of  the 
reversed  Elliott  type,  and  is  easily  the  best  of  the  many  attempts 
to  make  a  front  axle  of  pressed  steel. 

The  writer  recalls  an  attempt  made  some  few  years  ago  to 
construct  a  front  axle  from  a  stock  steel  I-beam.  For  this  purpose 
the  beams  were  cut  to  length  and  the  inner  sides  of  the  web  machined 
back  for  about  6  or  8  inches.  Then  an  end  was  constructed  which 
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had  a  slot  machined  in  it  of  a  size  equal  to  and  corresponding  with 
the  web  of  the  I-beam  along  its  machined  length.  The  cutting 
of  the  slot  in  the  end  was  done  in  such  a  way  as  to  leave  two  straps 
to  go  one  on  each  side  of  the  web  of  the  beam,  and  to  be  of  such 
a  height  as  to  fit  exactly  between  the  flanges  of  the  beam.  The 
ends  were  then  driven  into  place  and  riveted  through  the  center  of 
the  web,  making  the  I-beam  with  its  two  forged  ends  one  piece. 
This  axle  was  not  a  success,  for  the  cost  of  doing  a  good  machining 
and  assembling  job  was  such  as  to  prevent  it  from  competing  in 
price  with  other  axles  on  the  market* 

A  pressed-steel  axle  is  used  on  the  S.  G.  V.  car,  formerly  made 
in  Reading,  Pennsylvania,  but  now  made  in  Newark,  New  Jersey. 


Fig.  270.  Pressed-Steel  Front  Axle 
Courtesy  of  A.  O.  Smith  Company,  Milwaukee,  Wisconsin 


This  has  the  form  of  a  deep  channel,  with  very  wide  flanges.  The 
odd  point  about  it  is  that  the  channel  is  set  horizontally  with  its 
open  side  toward  the  rear,  so  that  what  appears  like  a  very  heavy 
axle  from  the  front  is  really  very  light.  This  appears  a  more  simple 
construction  than  the  Smith  axle. 

Axles  with  Front  Brakes.  Where  front-wheel  brakes  are  used 
this  changes  the  front  axle  somewhat,  as  will  be  noted  in  Fig.  271, 
which  shows  the  front  axle,  brakes,  and  wheels  of  the  Isotta- 
Fraschini  car,  an  Italian  product.  This  firm  brought  out  the  brakes 
in  1913  and  has  continued  them  unchanged  through  1914  and  1915. 
The  first  noticeable  change  is  that  of  boring  through  the  bed  of  the 
axle  for  the  operating  rod  to  pass.  This  necessitates  a  much  thicker 
web  than  is  usual,  for  in  the  ordinary  case  this  web  is  not  over  \  inch 
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thick.  Then  it  will  be  seen  that  this  boring  requires  the  drop  to  be 
sufficient  to  bring  the  bed  far  enough  below  the  ends  for  the  boring 
bar  to  enter — that  is,  so  that  boring  is  possible. 

To  operate  such  brakes  there  must  be  a  universal  joint  in  the 
operating  rod,  and  this  must  be  on  the  same  vertical  line  as  the 
center  of  the  pivot.  With  the  width  of  brake  drum  to  consider,  this 
means  moving  the  pivot  in  and  away  from  the  wheel,  which  has  to 
be  done  very  carefully  to  avoid  a  hard-steering  car.  The  brake 
takes  up  all  the  space  beyond  the  plane  of  its  inside  face,  consequently 
all  steering  mechanism  must  be  inside  of  this.  As  will  be  noted, 
this  necessitates  separating  the  steering  arm  and  that  used  for 


Fig.  271.  Front  Axle  and  Brakes  of  the  Isotta-Fraschini  (Italian)  Car 


cross  connection,  which,  in  all  other  cases,  are  in  one  piece.  The 
former  is  above  and  the  latter  below  the  axle.  Note  that  the  axle 
type  inclines  more  to  the  Panhard  than  to  any  other  form. 

One  peculiarity  of  front  brakes  is  that,  while  they  have  in 
every  comparative  test  proved  their  superiority  over  rear  brakes  for 
actual  car-stopping  qualities;  for  less  wear  on  the  tires;  for  allowing 
quicker  turns  through  a  quicker  stop,  and  then  a  more  rapid  acceler¬ 
ation;  for  eliminating  skidding;  and  in  other  ways;  makers  do  not 
adopt  them,  doubtless  because  of  the  complications,  extra  parts, 
and  extra  expense  of  machining  and  assembling,  as  just  pointed  out. 

In  the  Argyll  front  braking  system,  an  entirely  different  plan 
is  used  in  that  the  brake  is  carried  complete  in  the  wheel,  which 
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hugs  the  steering  knuckle  pin  rather  closely  and  partly  encloses  it; 
this  is  operated  from  a  rod  inside  the  main  frame  by  means  of  an 
inclined  rod  connection.  The  inclined  rod  has  two  universals  in  it, 
one  at  the  frame  end,  another  supported  in  the  brake  itself.  The 
latter  is  located  in  the  same  center  line  as  the  steering  knuckle  pin, 
so  the  steering  and  brake  mechanisms  do  not  affect  one  another. 

Axle  Design  for  Easy  Steering.  The  most  recent  front-axle 
developments  have  to  do  with  easier  steering.  This  has  resulted  in 
a  movement  in  the  opposite  direction  to  that  mentioned  above,  viz, 
moving  the  center  line  of  the  steering  pivot  or  knuckle  closer  to 
the  center  of  the  wheel — in  one  case  moving  it  right  in  to  the  center, 


Fig.  272.  Section  through  the  Argyll  Axle,  Showing  Brakes  and  Brake  Operation 


so  that  the  center  line  of  the  knuckle  lies  in  the  plane  of  the  wheel. 
Wheels  are  given  a  slight  outward  camber  to  bring  the  prolongation 
of  this  center  line  to  the  ground  at  the  point  where  the  wheel  touches 
— a  necessity  for  proper  and  easy  steering.  With  the  knuckle  moved 
out,  this  becomes  unnecessary,  as  the  two  lines  coincide;  conse- 
|  quently,  part  of  the  need  for  camber  disappears.  If  this  tendency 
should  continue  and  gain  popular  favor,  then  front  wheels  of  the 
future  may  be  made  without  camber,  although  they  would  still  need 
gather  to  keep  the  steering  easy. 

AXLE  BEARINGS 

Classification.  Thus  far  nothing  specific  has  been  said  about 
axle  bearings.  These  are,  according  to  construction,  of  three  kinds: 
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plain,  roller,  and  ball.  Again,  from  the  standpoint  of  the  duty 
which  they  are  to  perform,  bearings  may  be  divided  into  radial- 
load  and  thrust  bearings,  all  three  forms  mentioned  above  being 
used  for  both  purposes,  but  arranged  differently  on  account  of  the 
difference  in  the  work.  Each  one  of  the  three  classes  may  be  further 
subdivided.  Thus,  plain  bearings  may  be  of  bearing  metal  or  of 
hardened  steel,  or  they  may  even  be  so  constructed  as  to  be  self- 
lubricating.  Again,  plain  bearings  may  mean  no  bearing  at  all,  as 
in  the  old  carriage  days  when  the  axle  passed  through  a  hole  in  the 
hubs,  and  whatever  wear  occurred  was  distributed  over  the  inside 
of  the  hubs,  resulting  after  a  time  in  the  necessity  either  for  a  new 


Fig.  273.  Front  Axle  and  Steering  Knuckle  of  Superior  Construction 


set  of  hubs  or  a  new  axle,  or  for  the  resetting  of  the  axle,  so  that  the 
hubs  set  further  up  on  a  taper.  Roller  bearings  may  be  of  several 
classes,  some  makers  using  both  straight  and  tapered  rollers.  In 
addition  to  these  there  are  combinations  of  the  straight  and  tapered 
types,  and  bearings  with  two  sets  of  tapered  rollers  acting  back  to 
back,  the  action  being  that  of  straight  rollers,  with  the  end-adjust¬ 
ment  feature  of  the  tapered  type.  There  are  also  many  types  of 
ball  bearings,  as,  for  example,  plain  ball  bearings;  those  working  in 
flat  races;  those  working  in  curved  races;  those  working  in  V-grooved 
races,  and  single  balls  working  alone.  There  are  also  combinations 
of  balls  in  double  rows,  balls  of  two  different  kinds  of  races,  etc. 

Roller  Bearings.  Fig.  261  shows  the  use  of  tapered  roller  bear¬ 
ings  for  the  hubs,  and  hardened-steel  thrust  washers  for  the  thrust 
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load,  the  figure  showing  in  addition  a  plain  brass  bushing  in  the 
axle  for  the  knuckle  pin  to  turn  in.  Fig.  269  shows  a  combination  of 
ball  bearings  for  the  hubs,  ball  thrusts,  and  plain  bearings  for  the 
knuckle  pin,  the  latter  having  a  tapered  nut  adjustment.  Fig.  270 
shows  all  ball  bearings  for  the  hubs,  and  plain  bearings  and  plain 
thrusts  for  the  knuckle  pins.  Fig.  273  shows  an  axle  end,  which  for 


Fig.  274.  Section  of  Axle  End  and  Knuckle  of  the  Reversed  Elliott  Type 


real  bearing  worth  has  probably  never  been  surpassed,  this  being  the 
axle  end  and  steering  knuckle  of  a  very  high-priced  car,  not  now 
made,  but  one  on  which  no  expense  was  spared  to  make  it  perfect. 
The  illustration  shows  the  wheel  hubs  running  on  two  very  large 
diameter  ball  bearings,  while  the  knuckle  also  turns  on  two  very 
large  ball  bearings  arranged  for  radial  loads.  At  the  top  is  another 
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ball  bearing  arranged  for  thrust,  this  taking  up  all  thrust  loads  from 
the  weight  above  or  from  road  inequalities. 

Ball  Bearings.  To  illustrate  the  wide  differences  in  different 
designers’  work,  even  when  the  same  parts  are  used  in  the  same  way, 
the  ball-bearing  axles  of  Figs.  274  and  275  are  shown.  The  first  is 
a  foreign  example  and  the  second  an  American.  In  both  of  these, 
balls  are  used  for  the  hubs,  and  in  the  first  they  are  also  used  for 
knuckle  bearings.  The  second  has  plain  knuckle  bushings. 


Fig.  275.  Front  Axle  Details  of  Waverley  Electric  Car 
Courtesy  of  the  Waverley  Company,  Indianapolis,  Indiana 


Fig.  274  shows  an  axle  of  the  reversed  Elliott  type,  very  well 
worked  out  and  also  very  expensive;  the  hubs  roll  on  a  pair  of  ball 
bearings,  widely  separated,  with  a  dust  washer  outside  of  each,  the 
ball  races  being  fixed  on  both  sides  for  the  inner  one,  and  both  sides 
of  the  inner  race  for  the  outer  one,  the  outer  race  being  allowed  to 
float.  Ball  bearings  are  used  for  the  knuckle,  the  lower  bearing 
being  arranged  for  thrust  as  well  as  for  radial  load,  while  a  plain 
thrust  washer  with  a  spherical  surface  is  provided.  Adjustments  are 
provided  for  everywhere,  and  dust  caps  keep  out  the  dust  and  dirt  and 
prevent  the  axle  from  working  out  of  the  slight  recess  at  the  top, 
although  the  bottom  construction  is  such  that  this  cannot  happen. 
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This  large  and  apparently  clumsy  construction  is  in  marked 
contrast  to  the  compact  arrangement  of  Fig.  275.  This  axle  has  ball 
bearings  for  the  hubs  fast  at  both  ends  of  both  races,  and  plain  steel 
thrust  washers  on  the  knuckle.  It  is  a  drop-forged  I-section  axle. 

Change  of  Axle  Type  Simplifies.  Often  the  change  from  one 
type  of  axle  to  the  other  is  not  made  because  the  latter  is  better  but 
because  of  some  incidental  saving  in  the  manufacture.  Thus,  in 
Fig.  276  we  see  the  reversed  Elliott  type  at  the  left  at  A  and  the 
Elliott  type  at  the  right  at  B.  From  a  manufacturing  point  of  view 
the  former  is  much  cheaper  to  construct,  for  the  axle  and  knuckle 


|  Fig.  276.  Differences  in  Construction  of  Reversed  Elliott  and  Elliott  Types  of  Axle  Knuckle 

!  costs  would  just  balance  one  another,  but  the  forging  and  machining 
j  of  the  one-piece  steering  arm  shown  in  B  would  be  more  than  double 
|  that  shown  at  A,  Moreover,  the  number  of  dies  and  their  cost 
would  be  about  three  times  as  much,  while  the  customer  would  have 
;  to  be  charged  two  or  three  times  as  much  for  repair  parts.  That  is, 
in  a  modern  low-priced  car,  produced  in  tremendous  quantities,  the 
advantages  and  costs  connected  with  the  two-piece  steering  arm  of 
A  would  influence  the  choice  of  that  design,  regardless  of  other 
;  advantages  or  disadvantages. 


FRONT  AXLE  TROUBLES  AND  REPAIRS 


Alignment  of  Front  Wheels  Troublesome.  The  lack  of  align¬ 
ment  of  front  wheels  gives  as  much  trouble  as  anything  else  in  the 
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and  uncertain,  but  it  also  influences  tire  wear  to  a  tremendous  extent 
As  Fig.  277  indicates,  even  if  the  rear  axle  should  be  true  with  the 
frame,  at  right  angles  to  the  driving  shaft,  and  correctly  placed 
crosswise — that  is,  correct  in  every  particular  with  the  shafts  both 


straight  so  that  the  wheels  must  run  true — the  fronts  may  be  out 
with  the  frame,  out  of  track  with  the  rears,  or  out  with  respect  to 
one  another. 

Now  in  order  to  know  about  the  front  wheels,  they  should  be 
measured,  and  while  this  sounds  simple,  it  is  anything  but  that.  In 
the  first  place  there  is  little  to  measure  from,  or  with.  A  good  start¬ 
ing  place  is  the  tires,  and  a  simple  measuring  instrument  is  the  one 
shown  in  Fig.  278.  This  consists  of  a  rod  about  J  inch  in  diameter 
and  about  three  feet  long  fitted  into  a  piece  of  pipe  about  two  feet 
long,  with  a  square  outer  end  on  each  and  a  set  screw  to  hold  the 
measurements  as  obtained.  By  placing  this  between  the  opposite 
sides  of  the  front  tires,  it  can  be  ascertained  whether  these  are  par- 

^  J  "Rod-? _  Screw _ Pipe y 

r$.::r.zz  :  zip 

Fig.  278.  Simple  Measuring  Rods  for  Truing-Up  Wheels 

allel,  and  whether  they  converge  or  diverge  toward  the  front.  But 
knowing  this,  the  driver  or  repair  man  is  little  better  off  than  before, 
because  this  may  or  may  not  be  the  practice  of  the  makers  of  the  car, 
and  it  may  or  may  not  cause  the  trouble. 
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In  short,  a  more  accurate  and  more  thorough  measuring  instru¬ 
ment  is  needed,  Fig.  279.  Such  a  one  can  be  bought,  but  a  similar 
outfit  can  be  made  from  f-inch  bar  stock,  using  thumb  nuts  where 
the  two  uprights  join  the  base  part,  and  also  at  the  two  points,  or 
scribers,  on  these  uprights.  Having  the  floor  to  work  from,  the 


Fig.  279.  Accurate  Measuring  Rod  for  Truing  Up  Wheels.  Better  Design  than  Fig.  278 


heights  can  be  measured,  and  thus  the  distance  between  tires  may  be 
taken  on  equal  levels.  Thus,  a  bent  steering  knuckle  can  be  detected 
with  this  apparatus.  Similarly,  the  center  line  and  frame  lines  of 
the  car  can  be  projected  to  the  floor,  and  by  means  of  the  instrument, 
it  can  be  determined  whether  the  axle  is  at  a  perfect  right  angle  with 
these,  and  whether  the  wheels  are  perfectly  parallel.  Given  the 
frame  line,  too,  it  can  be  determined  whether  the  wheels  track  with 
one  another. 


Fig.  280.  Template  for  Showing  if  Axle  Is  Bent 


Straightening  an  Axle.  When  an  axle  is  bent,  as  in  a  collision, 
a  template  is  useful  in  straightening  it.  This  can  be  cut  from  a 
thin  sheet  of  metal,  light  board,  or  heavy  cardboard.  It  is  an  approx¬ 
imation  at  best  and  should  be  used  with  great  care.  Fig.  280  shows 
such  a  template  applied  to  an  axle  which  needs  straightening. 
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When  the  axle  is  bent  back  to  its  original  position,  a  pair  of 
straight  edges  laid  on  top  of  the  spring  pads  will  be  of  great  assistance 
in  getting  the  springs  parallel,  as  the  worker  can  look  across  the 
straight  edges  with  considerable  accuracy.  This  is  indicated  in  the 


first  part  of  Fig.  281  which  shows  the  general  scheme.  It  shows  also  ] 
how  the  axle  ends  are  aligned,  using  a  large  square  on  top  of  a 
parallel  bar,  but  of  course  this  cannot  be  done  until  the  last  thing 
at  least  not  until  the  spring  pads  are  made  parallel. 

REAR  AXLES 

TRANSMISSION 

Classification.  Broadly  speaking,  rear  axles  may  be  divided  into 
two  classes,  designated  as  “live”  axles  and  “dead”  axles,  depending 
on  the  nature  of  the  transmission.  The  former  are  in  more  general 
use;  and  include  all  those  with  shaft  drives,  whatever  the  nature  of 
the  gears  or  the  form  of  drive.  The  last-named  were  formerly  of 
widespread  use,  but  have  gradually  fallen  off  in  popularity,  and  now 
are  little  used;  they  include  all  those  axles  with  transmissions  of  the 
chain,  rope,  cable,  and  similar  variety,  whether  double  or  single, 
and  of  whatever  nature.  The  friction  drive  may  belong  in  the 
former  or  in  the  latter  class,  depending  upon  its  construction. 
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The  following  figures  of  the  cars  at  the  Paris  shows  for  a  number 
of  years  back  illustrate,  more  clearly  than  pages  of  argument,  the 
rise  and  fall  of  the  dead  rear  axle.  The  percentage  of  cars  shown 
at  Paris,  at  the  annual  automobile  shows,  were  as  follows: 


Year 

1901 

1902 

1903 

1904 

1905 

Chain 

50 

62 

53 

49 

48 

Shaft 

44 

35 

47 

51 

62 

to  which  may  be  added  the  figures  for  the  New  York  shows  of  recent 
years  as  being  of  more  interest  in  this  country. 


Year 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

Chain 

37 

14.5 

10.3 

9.5 

4.6 

4 

4 

3 

1.7 

Shaft — Bevel 

63 

85.5 

89.7 

90.6 

93.4 

94 

92 

86 

41.0 

Worm 

1.0 

1 

2 

2 

0.5 

Roller 

1.0 

1 

1 

0 

0.0 

Spiral  Bevel 

1 

9 

56.8 

Shaft  Drive  vs.  Chain  Drive.  From  the  foregoing  figures  it  is 
possible  to  make  some  rational  and  useful  deductions.  Thus  in 
1902-1903  the  chain  drive  was  the  most  popular  transmission,  but 
declined  slowly  up  to  1908  and  broke  decidedly  in  1909. 

As  shown  by  the  statistics  given  above,  the  shaft  drive  has 
gained  consistently  to  date,  up  to  1913  as  a  bevel  drive,  from  which 
time  the  bevel  has  lost  ground  in  favor  of  the  worm  and  the  spiral 
bevel.  The  latter,  as  has  been  explained  previously,  may  be  con¬ 
sidered  a  modification  of  the  worm,  hence  for  comparison  the  two 
may  be  grouped.  In  doing  this,  one  notes  how  the  percentage 
jumped  in  1914  (from  1  to  3)  and  again  in  1915  (from  3  to  11),  and 
now  largest  of  all  in  1916  (from  11  to  57.3),  mainly  spiral  as  tlie 
worm  has  lost  ground. 

The  same  tendency  is  working  out  for  truck  final  drives,  although 
to  1914  the  double  side  chain  was  considered  ideal  for  this  purpose. 
It  is  impossible  to  give  any  real  cause  for  this  decline  of  the  chain 
drive,  although  doubtless  a  number  of  things  have  contributed  to 
it.  Thus,  the  exposed  chain  is  both  noisy  and  dirty,  the  enclosed 
chain  is  inaccessible,  while  the  chain  case  adds  weight  to  the  car  and 
does  not  improve  its  appearance.  Silent  chains  are  very  expensive, 
too  much  so  to  be  used  for  double-chain-driven  automobiles,  in 
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TABLE  V 


Efficiencies  of  Forms  of  Drive 


Forms  of  Drive 


Efficiency  in  Per  Cent 


Roller  Chain 

Silent  Chain — Vertical 

Silent  Chain — Horizontal 

Set  Spur  Gears — Steel,  greased 

Set  Spur  Gears — Steel  and  fiber 

Set  Spur  Gears — Cast  iron  and  leather 

Set  Spur  Gears — Steel,  oil  bath 

Set  Bevel  Gears — Steel,  oil  bath 

Worm  Gears — Steel,  cut  teeth,  oil 

Friction — Any  faces 


94  (Lewis — 98.6) 
89 

Up  to  95 

Up  to  85  claimed 


97-98 

97- 98 

98- 99 
90-91 
88-89 
88- 


addition  to  which  they  could  not  withstand  the  exposure  to  the 
dust  and  dirt  of  the  road.  The  two  advantages  to  offset  the  disad¬ 
vantages  just  given  are  that  chains  are  easy  to  assemble  and  are  very 
efficient. 

Transmission  Efficiency.  The  chain  has  the  highest  efficiency 
of  any  of  the  forms  of  transmission  used  today,  as  shown  by  the 
figures  for  efficiency  of  various  driving  schemes,  given  in  Table  V. 

With  perhaps  one  or  two  notable  exceptions,  it  may  be  said  that 
spur  gears  have  not  been  used  for  rear-axle  drives,  so  the  comparison 
should  be  made  between  the  chain  and  the  bevel,  and  is  beginning 
to  be  made  between  these  two  and  the  worm,  with  the  latter  gaining 
rapidly  in  popularity.  Comparing  the  chain  and  the  bevel,  it  is  seen 
from  the  table  that  there  is  a  sacrifice  of  say  8  per  cent  in  efficiency, 
which  figure,  when  applied  to  a  car  of  medium  power,  say  35  horse¬ 
power,  means  a  loss  of  nearly  3  horsepower,  or  to  speak  more  accu¬ 
rately,  about  2  horsepower,  since  the  total  power  is  not  delivered  to 
the  driving  gears  at  the  axle. 

Chain  Drive.  Chain  drives,  as  already  mentioned,  are  either 
single  or  double  chains,  the  former  being  usually  placed  in  the  center 
of  the  divided  rear  axle,  while  the  latter  drive  the  two  wheels,  the 
axle  being  complete  in  one  piece  and  dead,  that  is,  not  rotating. 
In  the  former  type,  not  now  in  use,  the  single  sprocket  was  attached 
to  the  outside  of  the  drum  which  carried  the  differential  gear. 

For  comparison,  Fig.  282  shows  the  final  drive  of  a  heavy  truck 


GASOLINE  AUTOMOBILES 


333 


Fig.  282.  Section  of  Rear  Wheel  and  Axle  of  5-Ton  Mack  Truck 
Courtesy  of  International  Motor  Company,  New  York  City 
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of  the  double-chain  type,  which  is  the  usual  construction  of  commer¬ 
cial  vehicles.  In  fact,  it  is  only  in  the  commercial-vehicle  field  that 
the  double  chain  has  retained  its  hold  at  all.  The  axle  shown  is  the 
rear  axle  of  a  five-ton  truck,  a  portion  of  the  countershaft  being 
shown  above  to  indicate  the  alignment  of  the  sprockets.  The  rear 
sprocket  is  attached  to  the  brake  drum,  which  forms  a  part  of  the 
inner  hub  as  well,  thus  rotating  with  the  wheel.  The  latter  turns  on 
the  fixed  axle,  as  contrasted  with  the  case  previously  shown,  where 
the  whole  axle  turned  within  the  casing. 

Rope  and  Cable  Drive.  Of  rope,  cable,  and  similar  drives,  little 
need  be  said.  They  were  brought  out  in  1907  and  1908  for  motor 
buggy  use,  and  died  a  natural  death  with  the  latter  a  few  years  later. 
The  farmer  is  human  and  wants  his  automobile  to  look  like  the 
automobile  which  other  folks  use  and  enjoy,  so  he  will  not  buy 
anything  that  does  not  look  like  a  real  automobile.  This  is  the  secret 
of  why  the  motor  buggy  failed  of  success.  The  drives  took  various 
forms,  such  as  chains  wrapped  with  cloth  and  other  fabrics,  belts, 
knotted  ropes,  and  various  other  peculiar  combinations  of  the  plain 
rope  or  cable,  and  the  semblance  of  a  chain  without  its  positive 
action,  strength,  or  durability. 

Friction  Drive.  Like  the  rope,  cable,  and  similar  drives,  the 
friction  drive  is  not  by  any  means  a  popular  one.  In  some  ways  the 
friction  drive  is  ideal,  for  it  gives  all  of  the  possible  combinations  of 
speed  necessary,  and  that,  too,  by  a  simple  motion  of  a  single  part. 
Thus,  instead  of  the  usual  three  or  four  speeds  forward  and  one 
reverse,  the  friction  drive  permits  all  combinations  from  nothing 
to  the  maximum.  It  is  also  simplicity  personified,  consisting  in  the 
simplest  case  of  a  pair  of  circular-edge  wheels,  so  set  that  the  edge  of 
one  contacts  with  the  surface  of  the  other,  an  arrangement  being 
provided  to  move  the  edge  wheel  across  the  face  of  the  other,  and  to 
move  it  out  of  contact  at  the  time  the  cross-shifting  is  done.  Both 
of  these  are  simple  mechanical  movements,  calling  for  the  least  com¬ 
plicated  of  mechanisms.  Even  should  the  strawboard  or  other 
facing  on  the  disk  wear  out,  it  can  be  replaced  quickly  and  at  low 
cost,  practically  without  tools,  and  without  any  special  skill.  Yet 
in  spite  of  these  many  advantages,  the  friction  drive  has  not  taken, 
and  apparently  will  not  take,  hold  of  the  popular  fancy. 

Friction  drives  for  rear  axles  may  be  any  one  of  the  many  types 
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described  in  Gasoline  Automobiles,  Part  III,  these  being  described  as 
transmissions,  while  the  difference  in  the  present  case  lies  in  their 
use  for  rear  axles. 

Shaft  Drive.  The  shaft  drive,  which  is  now  nearly  universal, 
is  so  closely  linked  with  the  rear  axle  that  it  will  be  treated  as  part 
of  the  latter  mechanism,  and  will  be  developed  with  it. 

Worm=Gear  Drive.  The  worm-gear  drive  was  formerly  mis¬ 
understood,  and  for  this  reason  the  first  worms  were  very  unsuccess¬ 
ful.  However,  with  a  broader  understanding  of  the  underlying 
principles  govering  the  design  and  use  of  worm  gears,  more  success 
has  been  attained 

Efficiency.  The  main  drawback  of  the  worm  has  always  been 
its  efficiency,  early  experiments  declaring  that  the  efficiency  was 
very  low,  in  fact  as  low  as  60  per  cent.  For  automobile  use  this 
was  fatal,  for  40  per  cent  less  of  engine  power  in  the  transmission  was 
not  to  be  tolerated;  later  work  in  this  line  has  caused  the  efficiency 
figures  to  go  up  and  up,  until  now  the  facts  proclaim  an  efficiency  of 
94  to  95  per  cent.  Without  analysis  the  equation  for  the  efficiency 
of  a  worm  gear  may  be  written  thus 

£=2^fc(nearly) 

in  which  E  is  the  efficiency,  k  is  a  constant  varying  from  1  to  4  or 
more,  p  is  the  coefficient  of  friction,  X\  is  the  number  of  threads  in 
the  worm,  the  number  of  teeth  in  the  worm  wheel  not  affecting  the 
efficiency,  but  only  the  speed. 

Speed.  As  the  speed  increases,  the  coefficient  of  friction 
decreases  until  at  very  high  speeds — above  250  revolutions  per 
minute — p  becomes  .05,  or  less.  Since  it  may  be  less,  this  is  a  fair 
value  to  take,  and  may  be  substituted  in  the  equation  above,  giving 
it  the  simplified  form. 

(nearly) 

Using  this  formula  for  a  quintuple  worm,  that  is,  one  with  five 
threads,  and  having  a  radius  equal  to  the  pitch  of  the  gear,  the 
efficiency  becomes  94.3  per  cent.  The  only  requirements  to  obtain 
this  figure  are  that  the  worm  and  gear  shall  have  machine-cut  teeth 
properly  generated,  and  that  the  speed  of  the  worm  shall  exceed  80 
revolutions  per  minute. 
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Now  this  speed  is  ridiculously  low  for  any  kind  of  an  automobile 
driving  shaft.  In  fact,  with  30-inch  wheels  and  a  speed  of  only  14 
miles  per  hour,  the  wheels  make  157  revolutions  per  minute.  Now 
if  the  worm  only  gives  a  reduction  in  speed  of  5  to  1,  the  worm  will 
then  turn  over  785  r.p.m.,  for  a  reduction  of  6  to  1,  942,  and  for  a 
reduction  of  10  to  1,  as  in  the  case  of  one  American  electric  car, 
1,570  r.p.m.  Comparing  such  speeds  with  the  80  revolutions  per 
minute  used  in  the  formula,  and  bearing  in  mind  that  the  coefficient 
of  friction  constantly  decreases  with  increasing  speed,  it  seems 
perfectly  allowable  to  take  a  value  for  /jl  of  .033,  or  lower,  instead  of 
.05.  Using  the  value  .033,  the  efficiency  of  the  worm  becomes  96.02 
per  cent,  a  figure  which  compares  favorably  with  any  existing  form 
of  gear.  However,  with  the  high  speeds  used,  the  diameter  of  the 
worm  must  be  kept  down  so  as  to  give  a  low  value  for  the  velocity 
of  sliding,  which  is  equal  to  the  circumference  of  the  pitch  line  of  the 


Fig.  283.  Worm-Driven  Rear  Axle  of  the  Dennis  (English)  Car 


worm  times  the  number  of  revolutions  per  minute.  Years  ago  Lewis 
stated  that  this  figure  should  be  kept  down  to  300  feet  per  minute, 
but  later  experiments  have  shown  conclusively  that  speeds  up  to 
620  feet  per  minute  and  higher  give  good  results  and  no  trouble. 
At  this  latter  figure  and  900  revolutions  per  minute,  the  size  of  the 
worm  could  be  2f  inches  in  diameter.  A  worm  has  been  used  suc¬ 
cessfully  with  velocities  of  sliding  of  685  and  700,  the  required  size 
of  the  worm  gear  at  the  latter  figure  being  3  inches.  Dennis,  the 
great  English  truck,  motor  bus,  and  heavy-car  constructor,  uses 
worm  gears  exclusively,  having  been  among  the  first  to  utilize  this 
form  of  drive,  and  having  had  the  courage  of  his  convictions  to  con¬ 
tinue  to  use  it  in  the  face  of  much  adverse  criticism.  Fig.  283  shows 
a  view  of  the  Dennis  worm  drive  and  rear-axle  housing  taken  from 
above  and  slightly  back  of  the  axle.  The  remainder  of  the  rear-axle 
construction  follows  standard  lines,  the  differential  being  inside  of 
the  worm  gear,  just  as  in  a  bevel  drive  it  is  inside  of  the  driven  bevel. 
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Fig.  284  shows  the  worm  drive  of  the  Lanchester  car,  which  is 
a  unique  type  and  a  peculiar  one.  The  rear  axle  is  viewed  from  the 
rear,  so  as  to  bring  out  the  points  of  the  drive.  This  is  the  final  drive 

of  the  Lanchester  car,  one 
noted  throughout  England 
for  its  original  features. 
Although  not  a  pioneer  in 
the  use  of  the  worm,  this 
maker,  with  customary  in¬ 
genuity,  has  constructed  a 
drive  of  very  original  de¬ 
sign  by  making  the  worm 
hollow  in  the  center  along 
the  line  of  contact,  thus 


allowing  the  worm  to  hug  the  gear  more  closely  and  to  give  a 
greater  length  of  contact,  which  distributes  the  load  over  a  greater 
number  of  teeth  and  a  much  greater  surface.  In  addition,  this 


Fig.  285.  Worm-Driven  Rear  Axle  of  the  Wolseley-Siddeley  Car 


gear  is  hollowed  out  in  the  center,  a  spider  carrying  the  drive  to 
the  shaft  on  both  sides;  this  makes  a  light,  strong,  and  well-ventilated 
construction,  which,  at  the  same  time,  allows  profuse  lubrication. 


Fig.  284.  Worm-Driven  Axle  of  Lanchester 
(English)  Car 
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A  really  well-designed  worm  and  gear  can  run  much  longer 
without  lubricant  or  with  scant  lubrication  than  can  a  pair  of  bevels 
or  other  similar  gears.  The  point  really  essential  in  worm  lubrication 
is  the  profuse  cooling  and  oiling  of  the  thrust  bearings.  It  was  not 
until  thrust  bearings  had  been  brought  'to  their  present  state  of 
perfection  that  the  worm  made  any  progress. 

One  very  admirable  English  design  which  takes  care  of  all  these] 
points  is  shown  in  Fig.  285.  This  shows  the  worm  below  the  reari 
axle,  of  large  angle  of  pitch  line,  of  small  diameter,  with  a  good-sized 
gear.  Best  of  all,  the  provisions  for  bearings,  in  particular  thrust: 
bearings,  are  very  good,  there  being  on  this  shaft  no  fewer  than  three 
bearings  arranged  for  radial  load — two  in  front  and  one  in. the  rear  of 
the  gear.  In  addition, 
there  are  two  thrust  bear¬ 
ings,  one  in  front  and  one 
in  back  of  the  worm,  thus 
taking  up  all  thrust  in 
either  direction,  or  in  both. 

Five  bearings  for  one  end 
of  a  shaft  are  somewhat 
unusual. 

Location  of  Worm. 

The  location  of  the  worm 

is  quite  a  problem.  There  , 

are  two  possible  locations, 
above  and  below.  When 


Fig.  286.  Worm  and  Worm  Gear  of  the  Darracq 
(French)  Rear  Axle 


placed  above,  a  gear  of  very  large  diameter  may  be  used,  giving  a  large 
reduction  in  speed,  resulting  at  the  same  time  in  reducing  other 
gearing  to  a  minimum,  and  in  increasing  the  efficiency  of  the  drive. 
This  position,  on  the  other  hand,  calls  for  some  study  of  the  lubrica- 
tion  problem,  for,  with  the  worm  above,  the  oil  all  runs  down,  leaving 
the  worm,  which  it  is  desired  to  lubricate,  dry.  This  location  has 
the  advantage,  however,  of  giving  a  nearly  straight  line  drive, 
which  economizes  power  and  is  otherwise  desirable. 

With  the  worm  located  below,  the  lubrication  problem  is  solved, 
but  the  size  of  the  gear  must  be  reduced,  or  else  the  wheels  must  be 
made  larger  to  give  the  same  amount  of  road  clearance.  Large* 
road  wheels,  as  well  as  the  tires  to  fit  them,  cost  more.  Reducing 


GASOLINE  AUTOMOBILES 


339 


. 

the  road  clearance  is  not  to  be  considered.  Reducing  the  size  of  the 
gear  decreases  the  ratio  of  reduction  of  speed,  calling  for  additional 
gearing  and  reducing  the  speed  of  the  worm,  thus  lowering  the 
efficiency  of  the  drive  and  wasting  more  power.  This  position  like¬ 
wise  increases  the  angle  of  the  driving  shaft,  which  in  turn  calls  for  a 
slightly  increased  loss  of  power,  universal  joints  being  less  efficient  at 
I  a  large  angle.  What  the  ultimate  form  will  be  is  hard  to  say,  both 
forms  being  in  wide  use  at  present. 

Construction  of  Worm  Drive.  Perhaps  the  construction  of  a 
worm-driven  rear  axle  will  be  more  clear  if  shown  in  the  form  of  a 
photograph  than  as  a  drawing.  In  Fig.  286  is  seen  the  axle  of  the 
Darracq  (French)  car,  with  one  side  of  the  case  and  one-half  of  the 


Fig.  287.  Worm-Driven  Rear  Axle  of  Pierce  Motor  Truck  and  Detail  of  Worm  and  Gear 
Courtesy  of  Pierce-Arrow  Motor  Car  Company,  Buffalo,  New  York 


axle  housing  removed.  Here  the  actual  worm  and  gear  are  seen  in 
contact,  with  the  thrust  bearings  back  of  the  worm.  Here  also  will 
be  noted  how  the  differential  fits  inside  the  worm  gear,  thus  making 
the  differential  case  and  rear  axle  a  neater  and  more  compact  unit. 

In  Fig.  287  is  seen  the  final  drive  of  the  Pierce  motor  truck, 
this  being  drawn  so  as  to  bring  out  the  same  points  as  in  the  case  of 
the  Darracq.  This,  however,  is  relatively  larger  and  heavier  through¬ 
out,  a  natural  accompaniment  of  a  carrying  capacity  of  5  tons. 
This  also  has  the  worm  above  the  gear,  and,  as  a  consequence,  the 
thrust  bearings  back  of  the  worm.  This  probably  was  the  pioneer 
American  motor  truck  with  this  form  of  drive,  but  since  its  success 
has  become  notable,  many  others  have  followed  the  example. 
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TYPES  OF  REAR  AXLES 

Classification.  Rear  axles  may  be  divided  into  the  following 
classes,  distinguished  according  to  the  method  of  carrying  the  load 
and  taking  the  drive:  The  form  in  which  the  axle  carries  both  load 
and  drive;  the  semi-floating,  carrying  the  drive  and  a  small  part  of 
the  load,  the  axle  shafts  not  being  removable  without  removing 
the  wheels;  three-quarter  floating,  carrying  the  drive  and  a  small 
part  of  the  load,  the  latter  being  divided  between  the  shaft  and  its 
housing,  but  with  the  shafts  removable;  seven-eighths  floating,] 
carrying  the  drive  but  not  the  load,  the  arrangement  of  bearings  to 
take  the  load  being  such  that  the  wheel  hubs  do  not  rest  wholly  and 
solely  upon  the  axle-casing  end;  full  floating,  in  which  the  shaft  does 
nothing  but  drive,  and  is  removable  at  will  without  disturbing  the 
wheel  and  wheel  weight  resting  on  the  axle-casing  end,  which  is 
prolonged  for  this  purpose. 

The  seven-eighths-floating  type  has  been  developed  to  meet  the 
need  which  arose  for  a  floating  construction,  in  which  the  axle  casing 
did  not  pass  entirely  through  the  wheel  hubs.  With  this  form  (the 
full-floating)  any  accident  to  the  wheel,  in  which  it  was  struck  from 
the  side,  damaged  the  casing  or  tube  end.  The  result  of  this,  in  nine 
cases  out  of  ten,  was  to  make  the  removal  of  the  wheel  impossible, , 
because  the  tube  end,  which  projected  through,  was  bent  over. 
Moreover,  repairing  in  such  a  situation  called  for  a  new  axle  casing  j 
— a  very  expensive  proposition.  Consequently,  the  seven-eighths-  i 
floating  form  was  developed  to  present  all  the  advantages  of  the  full¬ 
floating,  with  this  serious  drawback  eliminated  by  a  re-arrangement 
of  the  parts  which  did  not  necessitate  prolonging  the  axle  through 
the  wheel  hubs.  Despite  the  facts,  it  did  not  gain  as  rapidly  as 
the  other  floating  forms,  and  now  is  almost  out  of  use. 

Axle  Carrying  Load  and  Drive.  The  type  in  which  the  axle 
carried  both  load  and  drive  was  a  peculiar  one  and  did  not  last  long.  ■ 
In  this  form,  the  rear-axle  shafts  were  exposed  and  carried  the 
weight  of  the  load  at  the  spring  seats,  which  were  bushed  to  allow 
the  shafts  to  turn  within  them.  This  made  a  place  which  was  hard 
to  lubricate,  and  yet  was  down  in  the  dust  and  dirt,  so  that  lubri¬ 
cation  was  a  great  necessity.  All  these  causes,  coupled  with  the 
double  duty  imposed  upon  the  axle  itself  of  carrying  both  load  and 
drive,  contributed  to  its  downfall. 
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Dropped  Rear  Axle  of  Full=Floating  Type.  The  dropped  type 
of  axle  is  not  much  used  at  present  for  cars  of  the  shaft-driven  type, 
the  dropped  part  of  the  axle  bed  being  used  to  hold  the  rearward  placed 
transmission.  Fig.  288  shows  a  former  American  type,  in  which  the 
weight  of  the  car,  as  well  as  the  weight  of  the  load,  is  carried  on  the 
I-section  drop-forged  rear  axle,  while  the  drive  is  transmitted  by  the 
usual  shafts  from  the  transmission,  carrying,  however,  no  load.  The 
cut  shows  the  complete  assembly  above  and  the  dropped  axle  below. 


Fig.  288.  Rear  Construction  Embodying  the  Dropped  Type  of  Rear  Axle 


The  round  ends  of  the  I-beam  axle  are  hollow,  carrying  the  driving 
shaft  through  the  central  hole,  and  carrying  the  wheels  on  bearings, 
which  fit  over  the  outside.  The  wheels  will  revolve  on  the  bearings, 
even  if  the  inner  shafts  and  transmission  be  removed  from  the 
chassis. 

Despite  its  manifold  advantages,  the  expense  of  constructing 
an  axle  of  this  type — practically  the  same  as  that  of  two  ordinary 
axles,  making  the  total  cost  double  that  of  any  other  form  has 
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worked  to  prevent  its  general  use.  In  fact,  it  is  not  now  in  use  in 
this  country,  the  maker  having  gone  out  of  business. 

A  prominent  French  constructor,  De  Dion,  utilizes  a  dropped 
rear  axle,  but  in  this  the  differential  casing  and  gearing  are  sus¬ 
pended  from  the  frame,  and  drive  down  to  the  axle  shaft  by  means 
of  a  pair  of  short  inclined  shafts  with  two  universal  joints  in  each. 
That  is,  the  drive  from  the  differential  to  the  two  wheels  contains 
four  universal  joints.  The  inevitable  loss  due  to  the  necessarily 
short  inclined  shafts  and  the  two  joints  in  each  has  deterred  other 


constructors  from  using  this  form,  although  a  few  makers,  notably 
the  Peerless  Company,  have  inserted  a  pair  of  joints  in  its  rear  axle  in 
order  to  give  the  rear  wheels  the  same  camber  as  the  front  wheels. 
As  this  necessitates  inclined  shafts,  the  joints  are  needed  to  connect 
the  horizontal  center  part  with  the  inclined  ends. 

Clutch  Forms  in  f,  J,  and  Full=FIoating  Types.  The  main 
point  of  difference  in  the  various  three-quarter,  seven-eighths,  and 
full-floating  axles,  aside  from  the  principle  of  design  which  makes 
them  decidedly  different,  is  the  clutch,  by  means  of  which  the  wheel 
is  driven.  In  some  cases,  this  takes  the  form  of  a  gear,  with  straight 
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sides  and  external  notches  or  jaws  to  correspond  with  the  teeth,  but 
usually  the  clutch  has  more  of  a  claw  type,  the  driving  ends  project¬ 
ing  inward  from  the  point  of  attachment  to  the  axle  shaft.  Another 
notable  point  of  difference,  and  one  which  makes  a  huge  difference  in 
the  cost,  lies  in  the  machining  of  these  jaws,  whether  they  are  attached 
to  the  axle  or  machined  up  with  it  in  one  piece.  The  latter  is  con¬ 
sidered  better  and  stronger  in  every  way,  but  as  it  is  much  more 
expensive,  it  is  used  only  on  the  best  cars. 


Fig.  290.  Rear  Axle  of  Clement-Bayard  16-Horsepower  Car 


The  driving  clutch  takes  various  forms,  one  of  which  is  shown 
in  the  Studebaker  axle,  Fig.  289.  In  this  type  the  axle  is  shown  to 
be  a  square  rod  acting  within  a  square  hole  in  the  hubs.  In  the  small 
detail  at  the  upper  left-hand  corner  the  letter  A  shows  the  square, 
upon  which  the  driving  clutch  is  slipped.  The  spaces  at  the  inner 
ends  of  this  indicate  the  clutches  or  jaws,  which  mesh  with  corre¬ 
sponding  slots  on  the  wheel  hub  and  thus  do  the  driving. 

Quite  a  novelty  in  this  line  is  shown  in  Fig.  290,  this  being  the 
rear  axle  of  the  small  Clement-Bayard  16-horsepower  car.  The 
shaft  here  is  square  throughout  its  entire  length,  the  driving  at  the 
outer  end  being  accomplished  through  a  jaw  member  J,  which  is 
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attached  to  the  square  shaft,  and  which  meshes  with  jaws  in  the 
ends  of  the  hubs  A.  This  car  being  a  low-priced  one,  the  square 
shaft  is  doubtless  taken  from  square  stock  and  not  machined  square. 
Winton  also  uses  the  square-ended  axle  with  jaw  clutches,  similar  to 
Studebaker  just  shown,  as  is  made  clear  in  the  section  Fig.  291. 
The  square  at  the  axle  end  is  shown  at  the  left  at  A,  the  right  side 


Fig.  291.  Rear-Axle  Construction  of  the  Winton  Car,  Showing  Square  Axle  Ends 


showing  the  complete  housing.  In  this  form,  the  rear  axles  become 
only  two  pieces  of  round  shafting,  squared  at  the  ends — the  simplest 
possible  form. 

The  dropped  type  of  axles  are  not  all  shaft-driven  nor  chain- 
driven  either.  Fig.  292  shows  one  that  is  of  the  spur-gear-driven 
type.  The  dropped  axle  bed  C  is  of  tubular  form,  and  the  differ¬ 
ential  case  is  dropped  down  on  and  slightly  back  of  the  rear  axle,  as 


Fig:  292.  Rear  Axle,  Showing  Wheels  Driven  by  Means  of  Spur  Gears 

at  B.  From  this  case,  two  shafts  A  A  extend  out  to  the  sides,  driv¬ 
ing  the  wheels  through  the  medium  of  the  spur  gear  D,  which  meshes 
with  internal  gears  within  the  wheel  hubs,  not  shown.  This  type  of 
rear  axle  and  drive  is  used  on  a  number  of  the  Fifth  Avenue  stages 
in  New  York  City. 

Full-Floating  Axle.  Fig.  293  shows  a  full-floating  axle,  the  ends 
of  the  driving  shafts  projecting  beyond  the  housing  and  carrying  five 
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Fig.  294.  Timken  Full-Floating  Rear  Axle,  Showing  Differential  Removed 
Courtesy  of  Timken-Detroit  Axle  Company,  Detroit,  Michigan 

shaft  has  the  driving  clutches  machined  as  an  integral  part,  and  that 
removing  the  two  shafts  for  a  few  inches  makes  it  possible  to  unbolt 
and  remove  the  entire  differential  unit.  For  the  sake  of  compari¬ 
son,  Fig.  295  shows  an  axle  which  differs  from  Fig.  294  only  in  having 
spiral  bevels  substituted  for  the  ordinary  straight-tooth  bevels.  In 
this  the  differential  unit  is  removable  in  the  same  manner  as  in  Fig. 


jaws,  which  mesh  with  five  similar  ones,  in  the  wheel  hubs,  and  thus 
drive  the  wheels.  Unless  the  jaw  end  be  welded  on  to  the  shaft, 
this  makes  a  very  expensive  axle  despite  its  many  good  points. 
Fig.  294  shows  the  rear  construction  of  a  car  with  full-floating  axle, 
with  the  brace  below  it  for  the  purpose  of  strengthening  the  whole 


Fig.  293.  Example  of  Full-Floating  Type  of  Axle 

construction.  The  large  diameter  brake  drums,  shown  close  to  the 
wheels,  are  made  of  pressed  steel,  and  are  united  to  the  axle  tubing, 
which  is  also  united  to  the  differential  housing,  so  that  the  whole 
forms  one  large  and  continuous  piece,  except  where  the  differential 
unit  bolts  on  one  side  and  the  cover  on  the  other.  Note  that  the 
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294.  One  of  the  axle  shafts  with  its  integral  driving  clutches  is  shown 
below,  also  the  differential  cover.  Note  the  two  plugs  in  the  latter; 
the  upper  one  is  for  filling  the  case  with  lubricant,  while  the  lower 


Fig.  295.  Timken  Full-Floating  Rear  Axle  with  Spiral  Bevel  Gears 


acts  as  a  level  indicator.  When  it  is  opened,  heavy  oil,  or  oil  and 
grease  combinations,  are  put  in  the  filling  plug  above  until  the  lubri¬ 
cant  begins  to  flow  out  of  the  lower  opening. 


Fig.  296.  Rear  Construction  of  Metallurgique  Car.  Peculiar  Rear- 
Axle  Construction 


Rear-Axle  Housings.  Rear-axle  housings  are  usually  of  pressed 
steel,  although  castings  play  a  very  important  part,  being  sometimes 
used  alone,  sometimes  in  combination  with  other  castings,  or  in 
combination  with  pressed  steel.  Aluminum,  although  not  a  depend¬ 
able  metal,  is  used  quite  a  little  for  the  purpose  of  saving  weight, 
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excess  weight  upon  the  rear  axle  being  anything  but  desirable. 
Fig.  296  shows  an  unusual  but  effective  combination,  the  axle  hous¬ 
ing  consisting  of  two  malleable  iron  castings  joined  together  by 
means  of  bolts  at  the  centers,  the  brake  drums  being  cast  as  a  part  of 


Fig.  297.  Operator  Using  Graphite  Electrode  on  Medium  Work 
Courtesy  of  General  Electric  Company 

the  tubes.  While  not  usual,  this  is  safe  practice,  for  malleable  iron 
is  tough  and  will  not  break  or  splinter.  It  seldom  is  the  case,  how¬ 
ever,  that  the  axle  casing  is  reduced  to  as  few  parts  as  are  shown  here. 

Welding  Resorted  To.  Where  the  differential  housing  or  brake 
drums  are  of  malleable  iron,  or  cast  steel,  or  even  pressed  steel, 
and  it  is  desired  to  unite  them  with  the  steel  tubing  forming  the  main 
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part  of  the  shaft  housing,  welding  is  now  universally  used.  For¬ 
merly,  it  was  good  practice  to  make  the  casing  a  drive  fit  on  the  tube, 
riveting  it  in  place,  or  else  soldering  it  in  place,  making  doubly  sure 
by  using  rivets.  Now,  however,  welding  is  resorted  to,  either  the  oxy- 
acetylene,  electric,  or  some  other  process  being  used.  In  Fig.  297 
an  operator  may  be  seen  using  a  graphite  electrode. 

In  the  axles  shown  in  Figs.  294  and  295,  it  will  be  noted  that 
the  axle  shell  is  of  pressed  steel,  to  which  the  spring  seats  are 
bolted,  the  remainder  of  the  construction  being  formed  by  drawing. 
In  Fig.  293,  however,  the  construction  is  such  as  to  necessitate 
making  the  two  halves  longitudinally,  and  then  bolting  or  spot¬ 
welding  them  together.  Being  machined  after  fastening  together, 
it  makes  as  accurate  a  construction  as  the  one-piece  job  shown  in 
Figs.  294  and  295,  although  not  so  strong. 

Effect  of  Differentials  on  Rear  Axles.  A  differential  gear, 
sometimes  called  a  balance  or  compensating  gear,  is  a  mechanism 
which  allows  one  wheel  to  travel  faster  than  the  other,  and  which 
at  the  same  time  gives  a  positive  drive  from  the  engine.  This  device 
is  a  necessity  in  order  to  allow  the  car  to  go  around  a  curve  properly, 
for  in  doing  so  the  outer  wheel  must  travel  a  greater  distance  than 
the  inner  one  during  the  same  interval  of  time. 

There  are  two  forms  of  this,  the  bevel  type  and  the  all-spur 
type,  the  latter  differing  from  the  former  only  in  the  use  of  spur  gears 
instead  of  bevel  gears.  The  principle  used  in  both  is  that  a  set  of 
gears  be  so  held  together  that  when  a  resistance  comes  upon  one 
part  of  the  train  of  gears,  the  whole  train  will  stop  revolving  around 
on  a  stationary  axis  and  will  revolve  around  another  gear  as  an  axis, 
this  gear  in  the  meantime  standing  stationary,  or  practically  so, 
according  to  the  amount  of  the  resistance  encountered.  In  the 
bevel  type,  a  pair  of  bevels  are  set  horizontally,  between  which  is 
a  spider  with  three  or  four  arms,  upon  each  one  of  which  a  small 
bevel  is  placed.  These  small  bevels  mesh  with  the  larger  bevels  at 
the  sides,  and  ordinarily  stand  still,  rotating  around  on  the  arm  of 
the  spider  as  an  axis  by  virtue  of  the  continued  rotation  of  the  two 
side  gears  in  opposite  directions.  When  one  wheel  meets  greater 
obstructions  on  the  road  than  the  other,  thus  holding  it  back,  the 
shaft  which  drives  that  wheel  lags  behind  the  other  shaft  driving 
the  other  wheel,  and  thus  holds  back  the  horizontal  gear  attached  to 
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that  shaft  and  allows  the  other  horizontal  gear  more  freedom  to 
rotate.  The  result  is  that  the  spider  carrying  the  smaller  bevels 
rotates  around  on  its  axis,  thus  imparting  to  the  free  gear  attached 
to  the  free  wheel  an  additional  motion,  and  to  the  free  wheel  a 
doubled  speed,  while  the  retarded  wheel  has  a  lessened  speed.  This 
takes  the  car  around  the  corner  without  breaking  the  rear  axle,  as 
|  would  be  the  case  without  some  such  contrivance.  The  description 

of  the  bevel  differential  action 
applies  equally  well  to  the 
spur  type,  except  that  all 
gears  are  spurs. 

The  dividing  of  the  rear 
axle  is,  of  course,  done  to 
make  a  place  for  the  differen¬ 
tial  gear  to  work,  and  much 
time  and  thought  have  been 
given  to  this  subject  in  an 
endeavor  to  work  out  a  sub¬ 
stitute  which  would  permit 
the  differential  action  and  still 
allow  the  strengthening  of 
the  rear  axle.  Fig.  298  shows 
one  solution  of  the  problem, 
which  has  been  worked  out 
in  such  a  way  that  the  differ- 

Fig.  298.  Peculiar  Differential  Construction  ential  is  moved  forward  into 

the  driving  shaft.  The  rear 
axle  shafts  are  thus  greatly  strengthened,  the  designer  being  unham¬ 
pered  by  the  presence  of  the  differential  in  the  rear  axle.  In  this 
design  the  two  side  gears  of  the  bevel-gear  differential  are  carried, 
one  upon  a  shaft,  and  the  other  upon  a  tube  around  the  shaft. 
Then,  at  the  rear  axle,  two  sets  of  bevel  gears  B2  Bs  and  Ai  A2  are 
used,  A i  being  driven  by  the  main  shaft,  and  driving  through  the 
gear  A2,  the  right-hand  shaft,  while  the  other,  B2 ,  is  driven  by  the 
tube,  and  drives  through  the  gear  B 3,  the  left-hand  shaft.  In  this* 
case  the  axle  shafts  are  made  much  larger  than  in  the  ordinary 
case,  while  the  differential  action  is  just  the  same. 

Many  substitutes  have  been  proposed  for  the  differential,  one  of 
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which  simply  eliminates  the  gears,  the  same  action  being  obtained 
through  a  combination  of  ratchets.  Since  a  ratchet  is  an  incomplete 
gear  which  will  only  work  in  one  way,  it  is  hard  to  see  where  this  device 
effects  any  simplification.  The  two  driven  members  inside  of  the  case 
each  carry  a  ratchet  with  teeth  inclined  in  the  same  way,  that  is,  the 
two  are  right  and  left  about  a  center  line  between  them.  Each  side  of  • 
the  case  carries  a  similar  but  oppositely  pointed  ratchet.  In  the  cen¬ 
ter  is  a  disk  spring  which  causes  the  moving  members  to  re-engage  the 
ratchets  on  the  case.  Normally  each  one  of  the  ratchets  is  partly  in 
mesh  with  the  corresponging  ratchet  on  its  half  of  the  case,  with  the 
spring  pressing  equally  on  both,  all  three  being  centrally  placed.  When 
a  greater  distance  is  called  for  on  one  side  than  on  the  other,  as  when 
the  car  travels  around  a  corner,  the  ratchet  throws  over,  due  to  the 
extra  pressure  on  it,  and  frees  that  side,  thus  allowing  it  to  free  itself 
and  travel  farther.  It  is  claimed  for  this  mechanism,  in  addition  to 
the  usual  differential  action,  that  it  differentiates  for  distance  and 
not  for  resistance,  as  the  ordinary  one  does,  thus  allowing  both 
wheels  to  drive  on  wet,  slippery,  or  muddy  pavements.  This  differ¬ 
entiation  for  resistance  has  been  the  main  cause  for  work  done  upon 
differential  substitutes,  the  action  of  the  compensating  gear  being 
very  annoying  at  times,  as  when  getting  into  a  mud  hole.  The  ordi¬ 
nary  differential  will  free  the  wheel  which  is  stuck  the  most  tightly, 
this  being  the  one  upon  which  the  power  is  most  urgently  needed. 
The  regulation  gear  differential  still  continues  to  be  the  almost 
universal  method  of  compensating  for  the  unequal  travel  of  the 
rear  wheels. 

Possible  Elimination  of  Differential.  The  whole  modern  tend¬ 
ency  is  along  the  line  of  differential  elimination.  In  the  cyclecars 
and  small  cars  brought  out  in  recent  years,  designers  have  been 
driven  to  getting  along  without  it  because  of  the  demand  for  sim¬ 
plicity,  light  weight,  and  low  price.  This  effect  has  been  obtained 
by  the  use  of  a  pair  of  driving  belts,  letting  one  slip  more  than  the 
other,  by  the  use  of  friction  transmissions,  by  simply  dividing  the 
rear  axle  and  letting  one  side  lag  when  there  was  resistance,  by  not 
dividing  it  and  letting  one  wheel  drag,  and  in  other  ways.  The  evi-  : 
dent  success  of  these  small  vehicles  without  a  differential  or  any  real 
substitute  for  one  has  set  designers  to  thinking  about  this  subject  ' 
again,  and  some  big  cars  without  a  differential,  or  with  a  more 
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simple  and  less  expensive  substitute  for  it,  may  appear  in  the  near 
future. 

Rear=Wheel  Bearings.  The  bearings  used  on  rear  axles  differ 
very  little  from  those  used  on  front  axles.  All  forms  are  used,  plain 
bearings,  ball  bearings,  ball  thrusts,  roller  bearings  in  both  cylindrical 
and  tapered  types,  and  all  combinations  of  these.  Thus,  Fig.  282 
shows  the  use  of  tapered  roller  bearings  only,  while  Fig.  285  shows 
the  exclusive  use  of  ball  bearings.  Plain  bearings  are  now  hardly 
used  at  all  for  axles.  Fig.  289  shows  the  liberal  use  of  ball  bearings. 
Fig.  290  shows  another  case  of  plain  bearings,  the  bearings  in  this 
case  being  unusually  long.  In  Fig.  291  tapered  rollers  are  used, 
with  the  exception  of  one  on  the  driving  shaft,  which  is  plain.  Figs.. 
294  and  295  show  the  exclusive  use  of  the  tapered  roller  type,  a  con¬ 
struction  which  is  gaining  ground  very  rapidly,  the  same  as  in  front 
axles,  although  formerly  ball  bearings  were  most  widely  used.  The 
materials  employed  are  similar  to  those  used  for  front  axles,  which 
have  been  previously  described.  Cases  are  made  of  all  kinds  of  steel 
and  iron,  pressed,  drawn,  cast,  etc.,  not  to  speak  of  crucible  steel, 
malleable  iron,  manganese  bronze,  phosphor  bronze,  aluminum, 
alunimum  alloys,  and  many  combinations  of  these  materials  in  twos 
and  threes. 

REAR=AXLE  TROUBLES  AND  REPAIRS 

Jacking  Up  Troubles.  Much  rear-axle  work — practically  all, 

!  in  fact— calls  for  the  use  of  the  jack.  True,  the  full-floating  type  of 
axle  can  have  its  shaft  removed  without  jacking,  but  aside  from 
differential  removal  there  is  little  rear-axle  trouble  in  which  it  is 
i  necessary  to  remove  the  shaft  alone.  In  almost  all  cases,  the  axle 
must  be  jacked  up.  Many  axles  have  a  truss  rod  under  the  center 
|  and  this  is  in  the  way  when  jacking;  however,  this  can  be  overcome. 
Make  from  heavy  bar  iron  a  U-shaped  piece  like  that  shown  in 
Fig.  299  on  top  of  the  jack,  making  the  width  of  the  slot  just  enough 
to  admit  the  truss  rod.  The  height,  too,  should  be  as  little  as  will 
give  contact  with  the  underside  of  the  axle  housing. 

Substitute  for  Jack .  A  good  substitute  for  a  jack  is  a  form  of 
hoist,  Fig.  300,  which  will  pick  up  the  whole  rear  end  of  the  car  at 
once.  This  not  only  saves  time  and  work,  but  holds  the  car  level 
while  jacking  one  wheel  does  not.  Moreover,  with  a  rig  of  this  kind 
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Fig.  299.  Simple  Arrangement  for  Avoid¬ 
ing  Rear-Axle  Truss  Rod 


the  car  can  be  lifted  so  easily  and  high,  that  it  is  easy  to  work  under. 
The  usual  hoisting  blocks  are  very  expensive,  but  the  above  hoist 

can  be  easily  made  by  the  ingenious 
repair  man.  This  is  made  from  an 
old  whiffletree,  to  the  ends  of  which 
are  attached  a  pair  of  chains.  For 
the  lower  ends  of  the  chains,  a  pair 
of  hooks  are  made  sufficiently  large 
to  hook  under  and  around  the  big¬ 
gest  frame  to  be  handled ;  with  the 
center  of  the  whiffletree  fastened  to 
the  hook  of  a  block  and  tackle  the 
hoist  is  complete.  By  slinging  the 
hooks  under  the  side  members  of 
the  frame  at  the  rear,  it  is  an  easy 
matter  to  quickly  lift  that  end  of 
the  chassis  any  distance  desired. 

Workstand  Equipment.  Next 
to  raising  the  rear  axle,  the  most 
important  thing  is  to  support  it  in 
its  elevated  position.  To  leave  it 
on  jacks  is  not  satisfactory,  for  they  j 
|  will  not  raise  the  frame  high  enough,, 
and  furthermore,  they  are  shaky, 
and  may  easily  let  the  whole  rear 
end  fall  over,  doing  considerable 
damage.  With  the  overhead  hoist, 
the  chains  or  ropes  are  in  the  way. 
So  a  stand  is  both  a  necessity  and 
a  convenience.  In  Fig.  301  several 
I  types  are  shown.  A  is  essentially  a 
'  workstand,  intended  to  hold  the  axle 
and  part  of  the  propeller  shaft  while 
doing  repair  work  thereon.  It  con¬ 
sists  of  a  floor  unit  or  base,  built  in 
the  form  of  an  A,  with  six  uprights 
let  into  it,  preferably  mortised  and  tenoned  for  greater  strength  and 
stiffness.  Then,  the  four  rear  uprights  are  joined  together  for  addi- 


■Body  Frame  - 


Fig.  300.  Simple  Automobile  Frame  Hoist 
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tional  stiffness  and  rigidity.  If  casters  are  added  on  the  ends  it  can 
be  more  conveniently  handled  around  the  shop. 

The  forms  B  are  for  more  temporary  work  and  consequently 
need  not  be  so  well  or  so  elaborately  made.  The  little  stand  C  is  a 
very  handy  type  for  all-around  work.  Stands  of  this  kind  with  the 
top  surface  grooved  for  the  axle,  are  excellent  to  place  under  cars 
which  have  been  put  in  storage  for  the  winter. 

The  stand  D  is,  like  A,  a  workstand  pure  and  simple.  In  this 
however,  the  dropped  end  members  allow  supporting  the  axle  at 
those  points,  while  the  elimination  of  central  supports  gives  plenty 
of  room  for  truss  rods.  This  type  of  stand  would  preferably  be  made 
from  metal,  pressed  steel  or  small  angle  irons  being  very  good.  Every 
repair  shop  should  have  a  considerable  number  and  variety  of  stands. 


Fig.  301  Types  of  Handy  Stands  for  Rear-Axle  Repair  Work 

made  as  the  work  demands  them,  and  made  just  to  fit  this  particular 
class  of  work. 

Locating  Trouble.  Many  times,  a  car  may  be  brought  in  for 
rear  axle  repair  on  which  the  repair  man  cannot  find  any  trouble. 
Many  an  axle  often  develops  an  elusive  hum,  or  grinding  noise^ 
which  not  only  defies  location,  but  is  not  continuous.  The  writer 
had  such  a  one  at  one  time,  and  was  sure  that  the  bevel  gears  were 
out  of  alignment  and  were  cutting  one  another.  It  was  a  low  pitched 
whine  wThich  was  not  apparent  at  low  speeds,  but  began  to  be  heard 
around  18  to  20  miles  an  hour,  and  at  times  was  very  apparent. 
The  noise  was  very  annoying,  but  tearing  down  the  rear  construction 
showed  absolutely  no  trouble  so  the  noise  could  not  be  at  that  point. 
Sometime  later  the  noise  was  definitely  located  in  a  pair  of  worn 
speedometer  gears  on  the  right  end  of  the  front  axle.  That  is,  the 
supposed  rear  axle  trouble  was  not  on  the  rear  axle  at  all. 
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A  good  way  to  listen  to  rear  axle  hums  out  on  the  road  is  to  lay 
back  over  the  rear  end  of  the  car,  Fig.  302,  with  the  head  against 
the  top  of  the  seat  and  projecting  over  slightly,  and  with  the  hands 

cupped  in  front  of  the  ears,  so 


Fig.  302.  Listening  for  Rear-Axle  Noises 


as  to  catch  every  noise  that 
arises.  The  larger  sketch  shows 
the  general  scheme,  the  small 
inset  giving  the  method  of  hold¬ 
ing  the  hands.  When  the  sound 
arising  from  the  axle  is  a  steady 
hum,  the  gears  are  in  good  con¬ 
dition  and  well  adjusted.  If  this 
sound  is  interrupted  occasionally 
by  a  sharper,  harsher  note,  it 
may  be  assumed  that  there  is  a 
point  in  one  of  the  gears  or  on 
one  of  the  shafts  where  things 
are  not  as  they  should  be.  By 
trying  the  car  at  starting,  slow¬ 
ing  down,  running  at  various 


speeds,  and  coasting,  this  noise  can  be  tied  to  something  more  definite, 
some  fixed  method  of  happening.  In  advance  of  actual  repair  work, 
including  tearing  down  the  whole  axle,  the  gears  can  be  adjusted. 
This  can  generally  be  done  from  outside  the  axle  casing  and  without 

great  deal  of  work.  If 


the  adjustment  makes  mat¬ 
ters  worse,  it  can  be  re¬ 
versed,  or  if  it  improves  the 
situation,  the  adjusting  can 
be  continued,  a  little  at  a 
time,  until  the  noise  grad¬ 
ually  disappears. 


Checking=Up  Ford 
Axles.  Many  cases  of  bent 
Ford  rear  axles  can  be  fixed 
without  taking  down  the  whole  construction.  The  principal  point 
is  to  find  out  how  much  and  which  way  the  axle  is  bent.  By 
removing  the  wheel  on  the  bent  side,  and  placing  on  the  axle 
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end  the  rig  shown  in  Fig.  303,  the  extent  of  the  trouble  can  be 
indicated  by  the  axle  itself.  The  rod  is  a  long,  stiff,  iron  one,  fastened 
permanently  to  an  old  Ford  hub,  with  its  outer  end  pointed.  The 
rig  is  placed  on  the  axle  and  held  by  the  axle  nut,  but  without  the 
key,  as  the  axle  must  be  free  to  turn  inside  the  hub.  With  the  pointed 
end  of  the  rod  resting  on  the  floor,  and  with  high  gear  engaged,  have 
some  one  turn  the  engine  over  slowly,  so  as  to  turn  the  axle  shaft 
around.  As  it  revolves,  the  hub  will  be  moved  and  the  pointed  end 
on  the  floor  will  indicate  the  extent  of  the  bend.  By  marking  the 
two  extreme  points,  and  dividing  the  distance  between  them,  the 
center  is  found.  Then  a  rod  can  be  used  as  a  bar  to  bend  the  axle 
until  the  pointed  rod  end  is  exactly  on  the  center  mark.  A  little 
practice  with  this  rig  will  enable  a  workman  to  straighten  out  a 
Ford  rear  axle  in  about  the  time  it  takes  to  tell  it. 
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APPENDIX 

TABLE  VI 

Details  of  Twenty=one  Successful  Pressed=Steel  Automobile  Frames 
of  Channel  Section 


Wheelbase 

Frame  Width  at 
Front 

Frame  Width  at 
Rear 

^  Depth  at  Channel 

Height  of  Flanges 

Thickness  of  Stock  j 

Material 

Weight  of  Car 

Empty 

Seating  Capacity 

Section  Modulus 

Area  of  Section 

100 

28 

28 

3 

l! 

.156 

.22  to  .28  c.  Steel 

2000 

4 

.795 

.886 

100 

30 

30 

3! 

l! 

.125 

.22  to  .28  c.  Steel 

1800 

4 

.820 

.782 

108 

30 

33 

3! 

i! 

.156 

.22  to  .28  c.  Steel 

2200 

4 

1.010 

.965 

108| 

30 

30 

4 

l! 

.156 

.22  to  .28  c.  Steel 

2000 

5 

1.190 

1.042 

109 

29 

29 

4 

1! 

.156 

.22  to  .28  c.  Steel 

2200 

4 

1.190 

1.042 

110 

32 

32 

4 

1! 

.156 

.  22  to  .  28  c.  Steel 

2300 

5 

1.190 

1.042 

110 

30 

30 

4! 

if 

.125 

.22  to  .28  c.  Steel 

2000 

5 

1.296 

.970 

110 

30 

33 

3! 

l! 

.156 

.22  to  .28  c.  Steel 

2300 

'  5 

1.010 

.965 

.22  to  .28  c.  Steel 

112 

32 

36 

4 

l! 

.187 

Heat  Treated 

3000 

3 

1.364 

1.240 

114 

32 

34 

4.1 

i! 

.156 

.22  to  .28  c.  Steel 

2500 

7 

1.433 

1.123 

115 

30 

33 

4 

if 

.156 

.22  to  .28  c.  Steel 

2500 

5 

1.455 

1.115 

115 

32 

32 

4 

H 

.187 

.22  to  .28  c.  Steel 

2700 

7 

1.364 

1.240 

116 

30| 

33| 

41 

if 

.187 

.22  to  .28  c.  Steel 

2500 

7 

1.815 

1.428 

116| 

30 

34 

4 

if 

.156 

.22  to  .28  c.  Steel 

2800 

5 

1.455 

1.115 

120 

31 

31 

4! 

if 

.156 

.  22  to  .  28  c.  Steel 

2500 

5 

1.586 

1.200 

Alloy  Steel 

120 

28 

32 

4 

i! 

.187 

Heat  Treated 

2800 

7 

1.364 

1.240 

120 

29 

34 

°2 

.125 

.22  to  .28  c.  Steel 

3000 

7 

1 . 530 

1.031 

122| 

30 

33 

4A 

if 

.187 

.22  to  .28  c.  Steel 

3500 

7 

1.445 

1.255 

124 

32 

32 

4! 

if 

.148 

.22  to  .28  c.  Steel 

3200 

7 

.22  to  .28  c.  Steel 

124 

32 

36 

4 

i* 

.187 

Heat  Treated 

4000 

7 

1.364 

1.240 

128 

32 

34 

5 

U 

.187 

.  22  to  .  28  c.  Steel 

4000 

7 

1.915 

1.430 

Alloy  Steel 

1341 

30 

33 

5 

l! 

.218 

Heat  Treated 

3500 

7 

2.182 

1.650 

TABLE  VII 

Results  of  a  Series  of  Fifty=nine  Tests  of  Sheet=Metal  Automobile  Frame  Sections,  as  Made  by  the  A.  O.  Smith  Company,  Milwaukee,  Wis. 
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TABLE  VIII 


A  List  of  Nine  Standard  Channel=Section  Pressed=Steel  Automobile 
Frames  as  Suggested  by  the  Frame  Makers  to  Eliminate 
Many  of  the  Small  Variations  in  Frames 


Depth  of 
Channel 

Height  of  Flange 

Thickness  of 
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Section  Modulus 
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CADILLAC  STEERING  GEAR  AND  WHEEL 

Courtesy  of  Cadillac  Motor  Company,  Detroit,  Michigan 


VIEW  OF  SIMPLE  BUICK  DASH  AND  CONTROL  APPARATUS 

Courtesy  of  Buick  Motor  Company,  Flint,  Michigan 
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PART  V 


STEERING  MECHANISMS 

The  mechanisms  by  which  steering  is  effected  are  without  a 
doubt  among  the  most  important  features  of  a  car,  if  not  actually 
the  most  important.  The  truth  of  this  statement  will  be  realized 
when  attention  is  called  to  the  fact  that  safe  steering  is  the  final 
requisite  that  has  made  the  modern  high  speeds  possible,  for  without 
safe  and  dependable  steering  gears,  no  racing  driver  would  dare  to 
run  a  machine  at  a  high  rate  of  speed,  knowing  that  at  any  minute 
the  unsafe  steering  apparatus  might  shift  the  control,  thus  allowing 
the  front  wheels  to  waver  and  the  car  to  run  into  some  obstruction 
by  the  roadside. 

The  same  argument  applies  in  an  even  greater  degree  to  the 
case  of  the  non-professional  driver,  who  wants  to  be  on  the  safe  side 
even  more,  perhaps,  than  do  the  dare-devils  who  drive  racing  cars. 
Nearly  all  of  our  roads  are  curved  and,  to  make  all  of  these  turns 
with  safety,  the  steering  gear  must  be  reliable.  Again,  in  mountain¬ 
ous  country  where  there  may  be  a  sheer  drop  at  the’  roadside  of 
hundreds  of  feet,  it  becomes  necessary  that  the  steering  mechanism 
be  very  accurate,  and  that  it  obey  without  delay  the  slightest  move  on 
the  driver’s  part.  To  secure  this  there  must  be  no  lost  motion  or 
wear  of  the  interrelated  parts. 

These  things  mean  that  the  whole  steering  mechanism  must  be 
safe  and  reliable;  strong  and  accurate;  well  made  and  carefully  fitted; 
well  cared  for;  and  finally,  the  design  and  construction  must  be 
based  on  a  theoretically  correct  principle,  for  otherwise  the  mechanical 
refinements  will  have  been  wasted.  Perhaps  it  will  be  more  logical 
to  treat  the  latter  quality  first,  showing  how  the  present  type  has 
been  evolved  from  the  failures  of  earlier  forms. 
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STEERING  GEARS 

General  Requirements.  In  turning  a  corner  a  car  follows  a 
curve,  the  outer  wheels  obviously  following  curves  of  longer  radius 
than  do  the  inner  wheels  and,  therefore,  traveling  farther.  In 
straight-ahead  running,  the  wheels  run  parallel  at  all  times,  and 
travel  the  same  distance.  These  two  facts  are  the  basic  ones  which 
make  the  steering  action  so  complicated:  First,  that  on  straight¬ 
ahead  running,  the  wheels  must  travel  the  same  distance ;  and  second, 
that  on  turning  curves  the  outer  wheels,  whichever  they  may  be, 
must  travel  a  greater  distance. 

This  double  requirement  leads  to  the  usual  form  of  steering 
arrangement,  called  after  its  inventor,  the  “Ackerman.”  It  was 
Ackerman  who  brought  out  the  first  vehicle  in  which  the  front 
wheels  were  mounted  upon  pivoted-axle  ends,  these  ends  being  pivoted 
on  the  extremities  of  the  central  part  of  a  fixed  axle,  while  the  pivoted 
ends  carried  one  lever  each.  These  levers  were  connected  together 
by  means  of  a  cross  rod,  while  at  one  end  another  rod  was  attached, 
which  was  used  to  move  the  wheels.  By  moving  this  latter  rod, 
both  wheels  were  compelled  to  turn  about  their  pivot  points,  since 
the  cross  rod  joined  them  together,  and  if  one  moved  the  other  had 
to  move  also.  This  was  Ackerman’s  substitute  for  the  fifth  wheel, 
which  had  been  used  up  to  that  time,  and  is  even  today  on  all  horse- 
drawn  vehicles. 

Inclining  Axle  Pivots.  The  situation  is  further  complicated 
by  the  fact  that  the  ideal  arrangement  is  not  suitable  for  general 
use — that  is,  the  fixing  of  the  steering  pivot  at  the  center  of  the  turning 
wheel  in  order  to  allow  the  maximum  turning  movement  for  the 
minimum  motion  of  the  hand.  In  practice,  however,  it  is  placed  as 
close  to  the  ideal  position  as  possible,  which,  in  the  ordinary  case,  is 
within  three  to  six  inches. 

This  approximation  to  the  ideal  has  been  made  by  inclining  the 
stud-axle  pivot  inward,  so  that  its  center  line  prolonged  would  strike 
the  ground  at  a  point  coincident  with  the  center  line  of  the  tire.  This 
same  result  is  also  brought  about  by  inclining  the  stud  axle  itself 
downward.  The  construction  gives  added  safety,  in  that  the  force 
of  head-on  collisions  is  supposed  to  be  delivered  at  or  near  the  line 
of  incidence. 


GASOLINE  AUTOMOBILES 


363 


The  axle-spindle  center  may  be  brought  close  to  the  wheel  hub 
by  means  of  a  double  yoke,  but  this  was  tried  and  abandoned  as 
too  cumbersome  for  the  results  effected.  A  method  of  placing  the 
steering  pivot  in  the  center  of  the  wheel  was  also  developed.  In  this 
ease  the  pivot  was  enclosed  in  a  hollow  hub;  but  as  this  made  the 
pivot,  which  is  liable  to  wear,  inaccessible,  it  was  also  abandoned. 
However,  later  tendencies  point  toward  a  revival  of  this  construction. 

The  result  is  that  today  we  are  using  a  form  which,  though  far 
from  being  ideal,  fulfills  every  practical  requirement.  This  form  is 
usually  constructed  as  in  Fig.  304,  which  shows  a  skeleton  plan  view 
of  an  automobile.  In  this,  the  line  AB  represents  in  length,  posi- 
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Fig.  304.  Diagram  of  Steering  Connections 


in  a  similar  manner  the  rear  axle.  A  and  B  also  are  the  pivot  points 
for  the  axle-stud  ends,  or,  as  they  are  more  commonly  called,  the 
steering  knuckles  or  steering  pivots,  which  are  represented  by  the  lines 
AD  and  BC. 

The  rear  (or  front,  as  the  case  may  be)  ends  of  the  steering 
knuckles  are  joined  by  the  connecting  rod  DC.  The  Ackerman  con¬ 
struction  is  such  that  the  center  lines  of  the  steering  arms  or  levers 
AD  and  BC,  prolonged,  must  pass  through  the  center  point  of  the 
rear  axle  at  K,  the  reason  for  this  being  that  the  front  wheels  are  sup¬ 
posed  to  turn  about  the  center  of  the  rear  axle  as  a  center. 

Action  of  Wheels  in  Turning.  If  now  the  wheels  be  supposed  to 
turn  through  an  angle,  the  action  of  this  arrangement  will  be  seen. 
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Suppose  the  steering  gear  (not  shown  in  Fig.  304)  be  turned  so  as  to 
move  the  steering  lever  AD  to  the  new  position  shown  dotted  at 
ADX.  This  movement  will  also  move  the  other  lever  BC  to  a  new 
position,  shown  dotted  at  B Cv  It  will  be  noted  in  this  that  the 
angle  through  which  the  right-hand  lever  BC  has  swung  is  not  as 
great  as  that  through  which  the  left-hand  lever  AD  has  moved, 
this,  too,  although  the  two  are  attached  together  by  means  of  the 
cross  connection  DC. 

The  wheels  are  mounted  upon  the  extremities  of  the  steering 
knuckles  at  F  and  I,  EG  representing  the  left  wheel,  and  HJ  the 
right  wheel.  These  turn  about  the  pivot  points  A  and  B,  with  the 
movement  of  the  steering  knuckles  to  the  new  positions  shown 
dotted  at  E1  F1  Gl  and  H1  II  Jx.  In  this  latter  position,  prolonga¬ 
tions  of  the  lines  through  the  pivot  point  and  the  center  of  the  two 
wheels  will  meet  the  rear-axle  center  line  prolonged  at  separate 
points  as  OP,  the  two  lines  converging  slightly.  This  same  con¬ 
vergence  may  be  noted  by  prolonging  the  center  line  of  the  two 
wheels  E1  G1  to  Q  and  H1  Jx  to  R.  This  divergence  means  that 
the  two  wheels  are  turning  on  curves  of  different  radii,  and  since  the 
outer  wheel  IE  J1  shows  a  longer  distance  from  its  center  line  pro¬ 
longed  to  the  rear-axle  line  OPMKL,  than  does  the  inner  wheel — 
that  is,  has  the  longer  false  radius,  PIX  being  longer  than  0F1 — it 
follows  that  the  turning  action  will  be  correct. 

This  is  somewhat  complicated  and  rather  hard  to  follow,  but 
the  figure  seems  simple  and  should  be  examined  closely,  even  draw¬ 
ing  it  out,  step  by  step  as  outlined  above,  for  the  purpose  of  making 
the  steering  action  clear.  Laying  this  out  for  one’s  self  will  bring 
out  the  reason  why  the  steering  knuckles  do  not  move  through  the 
same  distance,  and  thus  bring  about  a  different  movement  of  the 
wheels. 

Steering  Levers  in  Front  of  Axle.  That  the  final  movement 
of  the  wheels  will  not  be  changed  if  the  levers,  Fig.  304,  are  laid  out 
in  the  same  way  but  in  front  of  the  axle,  will  be  evident  by  prolong¬ 
ing  the  levers  to  S  and  T,  respectively,  making  the  lengths  AS 
and  BT  the  same  as  the  former  lengths  AD  and  BC.  Connecting 
the  two  by  the  rod  ST  completes  the  front  arrangement,  which  is 
seen  to  give  the  same  results  as  the  other.  The  choice  of  a  front  or 
rear  location  depends  upon  certain  things,  such  as  the  safety  of  the 
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cross  rod,  etc.,  which  will  be  brought  out  later  on.  Some  machine 
manufacturers  even  go  so  far  as  to  fit  both  front  and  rear  levers  to 
the  same  machine. 

While  shifting  the  lever  from  rear  to  front  in  Fig.  304  does  not 
change  the  result  at  all,  in  Fig.  305  it  does.  In  this  construction, 
known  as  the  Davis,  the  steering  levers  are  set  in  front,  but  taper 
inward  instead  of  outward,  so  that  their  center  lines  prolonged 
meet  the  center  line  of  the  car  prolonged  at  a  distance  from  the  front 

w 


\ 


Fig.  305.  Patented  English  Steering  Device,  Said  to  be  Theoretically  Perfect 


axle  equal  to  the  distance  between  the  front  and  rear  axles,  or  equal 
to  the  wheel  base. 

In  addition,  the  connecting  rod  is  carried  in  guides  placed  on 
the  front  of  the  axle,  so  that  its  path  of  travel  is  always  parallel  to 
the  front  axle.  Consequently,  the  levers  must  be  made  slotted  or 
telescopic.  The  result  of  this  combination  of  movements  is  an 
absolutely  correct  angle  to  both  wheels  for  any  angle  of  lock.  This 
can  be  explained  by  a  reference  to  the  diagram. 

In  Fig.  304  the  prolongations  of  the  wheel  center  lines,  or  radii 
of  turning,  do  not  strike  the  center  line  of  the  rear  axle,  about  which 
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they  are  supposed  to  turn,  at  a  common  point,  the  difference  being 
the  amount  they  are  out  of  true,  viz,  the  distance  between  the  points 
0  and  P.  If,  now,  Fig.  305  be  lettered  to  correspond  with  Fig.  304, 
the  prolongations  of  the  knuckle  center  lines,  AFiO  and  IiBP  in 
Fig.  304,  become  the  two  converging  lines  AFiO  and  IiBO  meeting 
at  the  point  0  on  the  center  line  LMO  of  the  rear  axle  prolonged. 
This  is  as  it  should  be,  and  shows  the  case  of  correct  steering  and 
turning. 

In  this  case,  all  four  wheels  are  turning  about  the  point  0,  the 
two  rear  wheels  with  the  radii  OM  and  OL,  and  the  two  front  wheels 
with  the  radii  OF i  and  OIi,  respectively.  This  gives  a  theoretically 
correct  case  in  which  all  wheels  will  round  any  curve  as  they  should, 
and  not  slip  or  slide  around,  damaging  the  tires  in  the  process.  The 


Davis  type  of  steering  gear,  it  may  be  remarked,  is  not  in  general 
use,  its  construction  adding  a  number  of  parts  to  the  more  usual  form 
shown  in  Fig.  304,  which  gives  close  enough  results  for  average  use. 

Like  the  sliding-gear  transmission,  a  steering  gear  is  a  form 
of  mechanism  which,  although  used  on  nearly  all  automobiles,  is  from 
a  theoretical  and  mechanical  standpoint  far  from  what  it  should  be. 

General  Characteristics  of  Steering  Gears.  Standard  Forms. 
The  steering  action  is  finally  effected  by  the  crosswise  movement 
of  a  rod  connecting  the  two  wheels  or  rather  the  steering  knuckles 
upon  which  the  two  wheels  have  been  mounted.  This  cross  rod, 
called  the  cross-connecting  rod  or  drag  link,  is  moved  by  another 
rod,  called  the  steering  rod,  which  also  has  linear  movement  along 
the  length  of  the  chassis. 
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The  steering  rod  is  pivoted  to  a  lever  fixed  in  the  steering 
knuckle  on  one  side  in  such  a  way  that  its  fore-and-aft  movement 
gives  a  cross  movement  to  the  cross-connecting  rod.  The  steering 
rod  is  itself  actuated  by  the  steering  lever,  or  steering  arm,  which  has 
a  semi-rotary  movement,  that  is,  its  upper  end  is  turned  through 
part  of  a  revolution  while  its  lower  end,  to  which  the  steering  rod  is  . 
attached,  swings  through  a  fairly  large  arc,  according  to  the  size 
and  character  of  the  steering  gear  and  the  length  of  the  lever. 

As  this  lever  swings  through  its  arc,  the  rod  attached  to  it  whose 
front  end  is  attached  to  the  steering  knuckle,  must,  of  course,  rise 
slightly  or  fall,  as  the  case  may  be, 
at  the  same  time  moving  forward 
or  backward  according  to  the  di¬ 
rection  the  steering  gear  is  turn¬ 
ing.  This  p  artial  circular  motion 
in  a  vertical  plane  is  converted 
from  the  rotation  of  the  steering 
gear  in  a  horizontal  plane  by  va¬ 
rious  methods.  Fig.  306  shows  a 
steering  gear  of  the  type  shown 
more  in  detail  in  Fig.  307,  being 
what  is  known  as  a  worm  and 
sector  gear.  In  Fig.  306,  the  cen¬ 
ter  line  of  the  steering  rod  is  AT?, 
the  steering  gear  C,  the  lower 
end  of  the  steering  lever  L  turn¬ 
ing  in  the  arc  ED.  GF  is  the 
steering  rod  which,  under  the  im¬ 
pulse  of  the  steering  lever  move¬ 
ment,  moves  forward  and  back¬ 
ward.  The  other  arcs  shown 
in  the  figure  are  intended  to  illustrate  another  point  and  will  be 
referred  to  later  on. 

In  Fig.  307,  CD  is  the  steering  rod  to  which  is  attached  the 
worm  F,  which  meshes  with  the  worm  gear  E.  Turning  the  steering 
rod  in  the  direction  shown  by  the  arrows,  that  is,  the  right  or  far  side 
away  from  the  observer,  turns  the  worm  in  the  same  direction.  This 
motion  turns  the  worm  gear  in  the  downward  direction,  as  the  arrow 


Fig.  307.  Worm  and  Partial  Gear  of  Typical 
Steering  Gear 
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shows,  while  the  lever  L  which  is  attached  to  it  or  is  made  an  integral 
part  of  it,  turns  to  the  left,  as  shown  by  the  lower  arrow.  Here,  then, 
is  the  solution  of  converting  rotary  motion  in  a  horizontal  plane  to 
partial  rotation  in  a  vertical  plane,  the  end  of  the  lever  L  simply 
swinging  back  and  forth  as  the  hand  wheel  is  turned. 

The  same  action  slightly  amplified  is  shown  in  Fig.  308,  in  which 
the  steering  wheel  A  with  spokes  B  is  turned  in  the  direction  of  the 
arrow.  This  turns  the  shaft  within  the  steering  post  C,  a  hollow  tube, 
in  the  same  direction  indicated  by  the  small  arrow.  D  is  the  steering 
gear  with  the  lever  E.  The  motion  of  the  hand  wheel  turns  the  lower 
ball  end  F  of  the  lever  in  the  direction  of  the  arrow,  thus  pulling  the 


Fig.  308.  Steering  Mechanism  and  Front  Axle  of  Pierce-Arrow  Car 
Courtesy  of  Pierce-Arrow  Motor  Car  Company,  Buffalo ,  New  York 


rod  G  backward.  The  front  end  II  of  this  rod  turns  about  the 
center  line  KL  of  the  steering  knuckle  J,  this  rod  end  turning  through 
the  arc  HI.  The  lever  M  is  also  connected  to  the  steering  knuckle 
J  and  turns  with  it.  Its  end  turns  through  the  arc  OP,  thus  pulling 
the  cross  rod  OQ  over  to  the  right  and  turning  the  other  knuckle  in 
the  same  way.  Y  Y  are  the  spring  pads  upon  which  the  front  springs 
rest,  while  ZZ  are  the  taper  roller  bearings  carrying  the  front  wheels. 

Classification.  The  kinds  of  steering  gears  now  in  use  include: 
simple,  bent  levers;  spur  gears,  either  internal,  external,  or  two- 
spur;  rack  and  gear;  bevel  gears;  worm  gears,  in  a  number  of 
special  forms,  to  be  discussed  later;  [spiral  gears,  other  than  worm; 
and  slotted  lever  substitutes  for  any  of  the  above. 
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Many  attempts  have  been  made  to  substitute  another  form  of 
mechanism  for  steering  gears,  these  consisting  of  various  rod,  lever, 
chain,  and  spring  combinations.  All  of  these  have  failed,  however, 
because  they  lacked  the  fundamental  requisite  of  irreversibility. 

Aside  from  the  many  schemes  mentioned  which  seek  to  avoid 
:  the  use  of  the  regular  gear  in  the  standard  manner,  there  have  been 
i  a  number  of  unsuccessful  attempts  to  avoid  its  use  .in  other  ways. 
Fig.  309  shows  some  of  the  gears  which  have  been  tried.  At  1  is 
seen  a  device  in  which  the  rotation  of  a  large  bevel  gear  turned  a 
small  bevel  pinion,  the  rotation  of  the  latter  serving  to  screw  a  long 
straight  lever  with  a  treaded  inner  end  into  or  out  of  the  interior  of 
the  threaded  bevel  pinion. 

In  the  figure,  N  is  the  actuating  bevel  turned  by  the  movement 
of  the  operator’s  hands,  while  0  is  the  smaller  actuated  bevel  pinion. 
Within  this  is  seen  the  worm  end  S  of  the  lever  J,  the  ball  at  the 
outer  end  being  connected  to  the  steering  knuckle.  Since  the  bevel 
alone  lost  a  great  deal  of  power  in  friction,  while. the  worm  arrange¬ 
ment  and  the  sliding  action  of  the  lever  in  its  bearings  did  likewise, 
the  total  effort  to  turn  this  must  have  been  enormous.  2  shows 
another  form,  this  being  of  the  double-bevel  arrangement,  a  small 
bevel  N  attached  to  the  steering  post  K  turning  the  larger  bevel  0, 
which  was  pivoted  at  the  axis  M  about  which  turned  the  lever  J 
attached  to  the  segmental  bevel  0. 

A  most  peculiar  arrangement  is  shown  at  3,  this  being  a  com¬ 
bination  of  a  worm  and  nut,  two  levers  and  a  steering  arm,  as  well 
as  a  connecting  link  for  the  two  levers.  Turning  the  hand  wheel 
turned  the  worm,  which  moved  the  nut  up  or*  down.  Since  the  nut 
was  connected  by  means  of  the  link  to  the  lever,  the  motion  of  the 
nut  up  and  down  was  transmitted  to  the  short  lever,  this  in  turn 
moving  the  long  arm  or  steering  lever.  In  the  figure,  K  is  the 
steering  post,  N  the  worm,  0  the  nut,  P  the  connecting  link  pivoted 
at  the  two  ends  T  and  S,  Q  the  short  arm  lever,  and  J  the  steering 
lever,  the  two  latter  being  integral  and  pivoted  at  the  point  R.  At 
4  is  shown  a  combination  of  a  double  internal  worm  with  a  rack 
and  gear.  In  this,  the  turning  movement  of  the  inner  worm  caused 
the  outer  worm  to  travel  up  and  down.  Upon  the  exterior  of  this 
outer  worm  was  cut  a  rack  which  meshed  with  the  gear,  its  up  and 
down  movements  turning  the  gear  around  and  thus  effecting  the 
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steering,  the  steering  lever  being  attached  to  the  gear.  N  is  the 
internal  worm,  0  the  external  worm  with  the  exterior  rack,  P  the 
gear  which  meshes  with  it  and  carries  the  lever  J  as  a  part  of  it.  At 
5  is  shown  a  combination  of  a  double  worm  with  a  double  ball  and 
socket  arrangement.  The  turning  of  the  outer  worm  Ni  causes 
the  inner  worm  N  to  rise  and  fall,  the  lower  end  of  this  carrying  a 
ball  and  socket  joint  0,  the  end  of  the  ball  being  formed  integral 

with  the  steering  lever  J, 
which  also  has  a  ball  and 
socket  attachment  at  the 
other  end.  6  shows  a  steer¬ 
ing  gear  which  came  in, 
was  tried,  failed,  and  was 
dropped,  but  is  now  coming 
in  again,  and  bids  fair  to 
oust  many  other  forms  of 
gear.  It  is  variously  called 
a  globular  worm,  helicoidal 
worm,  or  Hindley  worm, 
the  worm  forming  a  curve 
closely  approximating  the 
curve  of  the  gear  with  which 
it  is  to  mesh.  This  gives 
a  greater  number  of  teeth 
in  'mesh  at  any  one  time, 
and  thus  spreads  the  wear 
over  a  larger  surface  and 
thus  lengthens  the  life  as 
well  as  accuracy  of  the 
steering  gear. 

Bent  Lever  Type.  Tak¬ 
ing  up  the  various  gears 
in  order,  the  first  is  the  simple  bent  lever,  a  long  lever  at  the  end 
of  the  steering  post  being  bent  so  as  to  stand  at  right  angles 
to  the  center  line  of  the  post,  in  which  position  it  may  be 
connected  up. to  the  wheels.  The  disadvantage  of  this  form  is  that 
it  is  wholly  reversible  and  is  placed  only  on  the  very  lowest  priced 
cars  and  trucks. 


Fig.  309.  Obsolete  Forms  of  Worm  Steering  Gear 
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BeveLGear  Type.  Reversibility  is  the  principal  fault  of  the 
bevel-gear  type,  being  really  a  gear  and  worthy  of  the  name  of 
steering  gear  only  when  well  cut. 

Spur  Gear  Type.  The  spur  form  of  steering  gear  may  be  made 
in  one  of  several  ways:  plain  spur  to  spur;  the  turning  of  one  gear 
turning  another  in  the  opposite  direction,  or  spur  gear  against  internal 
gear;  the  gear  setting  inside  the  internally  cut  rack  which  turns 
when  the  wheel  is  turned,  but  in  the  same  direction.  Then,  there 
is  the  older  but  less  used  rack  and  gear,  in  which  the  gear  meshes 
with  a  rack  which  its  rotation  moves  back  and  forth  across  the  car. 

Worm  Gear  Type.  Prac¬ 
tically  all  of  the  better  steer¬ 
ing  gears  now  in  use  take 
advantage  of  the  irreversi¬ 
bility  of  the  worm  and  utilize 
it  in  some  form  in  the  gear. 

They  may  be  said  to  be  one 
of  four  kinds,  as  follows:  worm 
and  gear,  either  whole  or 
partial  gear  being  used;  worm 
and  nut;  worm  and  worm, 
being  a  form  of  internal  and 
external  worm;  the  Hindley 
worm  with  worm  gear. 

Worm  and  Partial  Gear. 

Fig.  310  shows  the  steering 
gear  of  the  worm  and  partial 
gear  type.  In  this  figure,  which 
is  a  partial  section,  A  is  the  steering  gear  case;  B  worm;  C  segment 
or  partial  worm  gear;  D  adjusting  sleeve,  by  means  of  which  wear 
is  taken  up;  E  steering  lever;  F  steering  post;  G  hand  wheel;  H  outer 
tube  of  steering  post;  I  throttle  tube;  J  throttle  control  ball  lever; 
K  spark  control  tube;  L  spark  control  ball  lever;  M  spark  and 
throttle  control  quadrant;  N  and  Ni  spark  and  throttle  operating 
finger  levers;  0  frame;  P  grease  plugs;  Q  tube  oil  plug. 

Worm  and  Full  Gear.  A  type  of  steering  gear  made  with  the 
complete  gear  is  shown  for  comparison  in  Fig.  311,  which  shows 
both  the  worm  B  and  the  full  gear  C.  The  cover  is  at  the 


Fig.  310.  Steering  Gear  of  Argyll  (Scotch)  Car 
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right,  otherwise  the  figure  is  self-explanatory.  Beyond  stating  as  a 
fundamental  principle  that  the  worm  is  not  reversible,  so  that  road 
shocks  will  not  come  back  through  the  gear  to  the  driver’s  arms, 
all  of  these  gears  are  simple  and  need  no  explanation.  The  reason 
for  the  use  of  the  whole  gear,  notwithstanding  the  greater  first 
cost  as  compared  with  the  segment  or  partial  gear,  is  that  the  whole 
gear  may  be  moved  a  partial  turn  as  it  becomes  worn,  thus  making 
the  whole  gear  the  equivalent  of  a  number  of  segments.  The  advo¬ 
cates  of  the  segment  claim  that  their  form  makes  not  only  a  simpler 


Fig.  311.  Typical  Worm  and  Full  Gear  Steering  Device 

and  cheaper  gear,  but  a  simpler  and  cheaper  case,  so  that  they  can 
afford  to  use  the  segment  and  replace  it  with  a  new  one,  rather 
than  use  the  full  gear.  Both  forms  are  in  very  wide  use  today. 

Fig.  312  shows  a  much  more  complicated  form  of  worm  and  full 
gear  in  which  the  inventor  has  attempted  to  gain  something  by 
the  use  of  a  double  steering  gear,  that  is,  two  complete  sets  of  worms 
and  gears  set  opposing  one  another,  the  gears  being  so  made  as 
to  mesh  with  one  another  just  like  a  pair  of  spur  gears.  Since  the 
lever  can  be  attached  to  but  one  of  the  turning  gears,  the  other  with 
its  actuating  worm  is  useless.  The  inventor  doubtless  intended 
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the  two  worms  to  oppose  each  other,  and  thus  be  self-sustaining  as 
to  thrust,  but  such  would  not  be  the  case,  the  actual  thrust  being  in 
opposite  directions  in  the  two  cases  of  the  upper  and  lower  worms, 
the  total  thus  being  double  the  usual  amount. 

Worm  and  Nut .  Next  to  the  worm  and  gear,  either  full  or 
partial,  the  form  of  steering  gear  most  used  is  the  worm  and  nut, 
which  is  made  in  several  different  combinations.  Thus,  the  nut  may 
operate  the  steering  lever  directly  through  the  medium  of  a  secondary 
lever,  or  it  may  actuate  a  block,  which  in  turn  moves  either  the 
lever  direct  or  the  secondary  lever.  *  In  Fig.  313  is  shown  another 
form  of  the  worm  and  nut  variety.  This  has  a  nut  which  the  turning 
of  the  worm  moves  up  and  down  but  which  is  split,  the  two 
halves  being  bolted  together.  A  spherical  seat  is  formed  in  the  two 


Fig.  313.  Worm  and  Nut  Steering 
Device 


Fig.  312.  Double  Worm  and  Gear  Steering 
Device 


halves  of  the  split  nut  into  which  a  ball-ended  lever  is  set,  the  bolt 
serving  to  clamp  the  two  pieces  together  and  hold  the  lever  there. 

This  is  the  end  of  the  secondary  lever,  which  is  connected  by 
means  of  another  lever  to  the  steering  lever  itself.  In  the  figure,  A 
is  the  worm,  B  and  Bi  the  two  parts  of  the  nut,  C  the  clamping 
bolt,  and  D  the  hinge  at  the  other  end.  E  and  Ei  represent  the 
spherical  seats  for  the  ball  end  of  the  other  lever. 

Having  the  nut  in  two  widely  separated  parts  reduces  the  wear 
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on  each,  since  the  bearing  surface  is  spread  out  more  than  would  be 
the  case  with  an  uncut  nut.  In  addition,  the  split  nut  allows  the 
changing  of  the  ball-ended  lever  at  any  and  all  times. 

Aside  from  these  advantages,  both  of  slight  value,  it  is  hard  to 
see  the  added  utility  of  this  gear  over  the  form  shown  in  Fig.  314, 
which  is  also  of  the  worm  and  nut  form.  The  nut  carries  on  its 
machined  outsides,  ways  or  slides  in  which  are  set  the  arms  of  a 
lever  hinged  at  the  side  of  the  case  and  carrying  the  steering  lever 
at  its  other  end.  A  is  the  worm,  D  the  nut,  C  the  arm  pivoted  at 
E  and  carrying  the  lever  L.  F  is  the  center  of  the  arms  which  slide 

over  the  ways  in  the  nut  and 
which  are  removable.  B  is 
the  lower  thrust  bearing  and 
G  the  casing. 

In  Fig.  315  is  shown  a  form 
of  worm  and  nut  steering  gear 
»  which  is  used  on  very  heavy 
>  trucks  and  commercial  cars. 

)  In  this  gear,  the  double  worm 
l  is  used,  the  inner  worm  carry- 
/  ing  at  its  lower  end  a  block 
^  which  is  pivoted  in  a  combi¬ 
nation  lever  and  shaft,  to 
which  latter  the  steering  arm 
is  attached.  In  the  figure,  A 
is  the  hand  wheel  turning  the 
rod  By  within  the  steering  post 
tube  C .  This  rod  is  driven  in¬ 
to  and  keyed  at  its  lower  end 

Fig.  314  French  Steering  Gear  of  Worm  and  to  a  member  D  which  has  in- 
IN  ut  lype 

ternal  worm  threads.  Another 
member  E  has  a  circular  upper  end  on  which  are  worm  threads, 
while  its  lower  end  is  slotted.  The  worm  at  the  upper  end  meshes  ' 
with  the  internal  worm  threads  in  piece  2),  while  the  lower  slotted 
end  carries  between  the  two  arms  of  the  slot  a  rectangular  block  F. 
This  block  is  hardened  and  ground  all  over,  and  is  fastened  to  the 
forked  end  of  piece  E  by  means  of  the  hardened  and  ground  pin 
G.  This  pin  also  passes  through  the  arm  II  of  the  shaft  to  which 
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the  steering  arm  is  attached.  The  latter  is  free  to  rotate  about 
the  center  K.  This  rotation  moves  the  steering  lever  L  in  the  arm 
of  a  circle  as  indicated. 
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Fig.  316.  Sectional  Details  of  Steering 
Gear  of  Winton  Cars 
Winton  Motor  Car  Company, 
Cleveland,  Ohio 


The  steering  action  is  as  follows: 
Turning  the  hand  wheel  turns  the  outer 
worm.  This  cannot  move,  so  the  in¬ 
ner  worm  is  forced  to  move  up  or 
down,  as  the  case  may  be,  and  moves 
the  block  with  the  pin  through  it, 
which,  being  fixed  in  the  arm  extension 
of  the  shaft,  must  turn  the  latter.  To 
this  is  attached  the  steering  lever,  so 
the  latter  must  move.  Although  a 
rather  complicated  gear  to  explain, 
and  also  to  make,  this  gear  when  fin¬ 
ished  is  an  excellent  one,  and  has 
been  used  for  five  or  six  years  on 
heavy  trucks  with  excellent  results. 

The  Winton  steering  gear,  Fig. 
316,  is  not  decidedly  different  from 
the  one  just  shown,  as  will  be  noted  by 
a  close  inspection  of  the  parts.  A  is  ■ 
the  internal  worm,  which  is  turned  by 
the  hand  wheel,  while  engaging  this  \ 
worm  are  the  block  B  and  pin  C,  the 
block  being  partly  cut  away,  to  show 
the  engaging  gear  teeth.  This  block 
moves  the  jaw  arm  of  the  steering 
lever  D.  This  jaw  is  not  complete  in 
this  gear,  but  is  cut  away  to  save 
weight.  The  jaw  arm,  too,  is  con¬ 
nected  directly  with  the  steering  lever, 
the  jaw,  arm,  and  shaft  making  one 
piece.  The  light  work  to  which  this 
was  put  made  possible  the  economy  in 
the  number  of  pieces  and  in  the  weight 
of  each.  As  before,  turning  the  hand 
wheel  turns  the  worm,  which  in  turn 
moves  the  block  and  pin  up  and  down, 
and  thus  moves  the  jaw  arm,  which 
moves  the  steering  lever. 


GASOLINE  AUTOMOBILES 


377 


Worm  and  Worm.  In  the  worm  and  worm  form  of  steering  gear 
there  is  a  worm  within  a  worm,  not  wholly  unlike  the  ones  just 
described.  Fig.  317  shows  an  example  of  this,  which  has  a  worm  C 
attached  to  the  steering  rod  H,  which  is  turned  by  the  steering  wheel 
A.  Within  and  without  this  are  worm  threads,  an  external  worm 
B  meshing  with  the  internal  worm  on  the  inside  of  C,  while  an  internal 
worm  D  meshes  with  the  external  worm  on  C.  The  action  of  turn¬ 
ing  the  hand  wheel,  then,  moves  one  of  these  upward  and  the  other 
downward. 

The  lower  end  Bx  of  the  inner  worm  member  presses  against 
a  hardened  end  of  the  steering  lever  arm  E,  while  the  lower  end  Bl 


Fig.  317.  Section  of  Gemmer  Steering  Gear 
Gemmer  Gear  Company,  Detroit,  Michigan 

of  the  outer  worm  member  presses  against  the  other  hardened  end 
Ex  of  the  same  piece.  There  being  no  lost  motion  or  play  in  the  gear, 
when  the  hand  wheel  is  turned,  one  worm  rising  and  the  other  falling 
as  just  described,  the  piece  E  will  let  one  end  rise  and  the  other  fall, 
being  acted  upon  by  the  lower  extremities  of  the  two  moving  worms. 
This  piece  is  pivoted  at  F  and  carries  at  its  outer  end  the  steering 
lever  G,  which  thus  moves  in  the  customary  manner.  Within  the 
steering  post  are  the  spark  and  throttle  tube  and  rod  I  and  J,  which 
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carry  right  through  the  whole  gear  and  out  at  the  bottom,  where 
the  spark  and  throttle  actuating  levers  are  attached. 

Hindley  Worm  Gear.  As  mentioned  before,  there  are  a  number 
of  things  about  the  Hindley  type  of  worm  which  make  it  an  excellent 
one  to  use  for  steering  gears.  A  realization  of  this  is  bringing 
about  a  greatly  increased  use  of  this  form,  so  it  will  be  appropriate 
and  timely  to  look  into  its  form,  construction,  and  advantages. 

The  question  of  what  in  the  Hindley  makes  it  different  from 
other  worms  naturally  arises.  The  ordinary  worm  has  the  same  diam¬ 
eter  from  one  end  to  the  other,  the  blank  before  the  cutting  of  the 
teeth  resembling  a  section  of  a  cylinder.  The  Hindley,  on  the  other 

hand,  is  not  of  uniform  diam¬ 
eter,  but  has  a  smaller  center 
diameter  and  enlarged  ends. 
This  gives  it  a  waist  or  hour¬ 
glass  shape. 

An  illustration  will  make 
this  clear.  Fig.  318  shows  at 
A  how  the  Hindley  shape  is 
generated  and  at  B  a  finished 
gear,  revealing  plainly  the  re¬ 
duced  center  diameter.  In 
the  upper  figure,  EE  is  the 
center  line  or  axis  of  the  worm, 
and  0,  the  center  of  the  gear 
which  is  to  mesh  with  it.  CD 
is  a  circular  arc  struck  from 
0  as  a  center.  If  on  this  curve  CD,  equal  spaces  be  struck  off  using 
a  distance  equal  to  the  pitch  of  a  single  threaded  worm  or  the  lead  of 
a  multiple  threaded  one,  as  at  F,  and  radial  lines  be  drawn  from  the 
center  0  to  these  points,  these  lines  will  be  normal  to  the  surface  of 
the  worm  at  those  points,  in  short  the  worm  must  pass  through 
them,  as  roughly  sketched  in  the  figure.  In  the  lower  part,  B,  of 
the  figure,  is  illustrated  a  worm  made  on  this  principle,  ready  to  be 
put  into  position. 

This  form  of  worm  is  used  for  the  double  reason  of  presenting 
more  wearing  surface— since  it  has  at  least  three  teeth  in  contact  at 
any  one  time,  as  compared  with  one  or  at  most  two  in  the  ordinary 


Fig.  318.  Details  of  the  Hindley  Worm 
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worm — and  greater  resistance  to  reversibility  for  this  same  reason. 
The  worm  is  used  for  steering  gears  because  it  is  partly  or  wholly 
irreversible,  its  motion  being  a  sliding  one ;  nevertheless,  all  worms  may 
be  so  cut  as  to  be  either  wholly  or  not  at  all  reversible.  The  sliding 
motion  of  the  two  parts  in  contact,  as  opposed  to  the  rolling  motion 
in  the  case  of  other  mechanical  movements  of  a  similar  nature,  is 
greatly  increased  if  there  be  three  teeth  in  contact  instead  of  the 
more  usual  one.  If  the  friction  of  sliding  be  increased,  the  amount 
of  reversibility  will  be  decreased  in  the  same  proportion,  for  the  added 
sliding  friction  will  increase  the  natural  reluctance  of  the  worm  to 
transmit  power  backwards.  So  much  is  this  the  case  that  it  pays 
to  use  the  Hindley  form,  despite  its  greatly  increased  cost  of  cutting. 

STEERING  WHEELS 

Different  Forms  of  Steering  Wheels.  After  a  consideration 
of  steering  gears,  in  which  mention  has  been  made  several  times 
of  the  steering  wheel  and  things  connected  with  it,  a  natural  sequence 
would  lead  one  to  a  consideration  of  the  different  forms  of  wheels 
used;  the  materials  of  which  they  are  made;  the  varying  shapes  and 
i  sizes,  and  reasons  for  these;  also  the  correct  and  incorrect  position 
of  the  wheel  relative  to  the  driver’s  position  and  to  the  dashboard; 
the  angle  which  the  steering  post  makes  with  the  horizontal;  and 
the  difference  which  commercial-car  service  brings  about. 

In  the  early  days  of  the  automobile  industry,  there  were  many 
machines  constructed  with  a  steering  lever  or,  as  it  was  called,  a  tiller. 
At  that  time,  this  type  was  very  numerous,  but  as  more  machines 
came  into  use,  there  was  a  call  for  something  else,  something  more 
universal  in  its  action,  and  the  lever  or  tiller  was  replaced  by  the 
circular  wheel.  This  may  be  said  to  be  universally  used  now.  In 
section  the  majority  of  steering  wheels  are  circular,  although  some 
wheels  are  made  oval  or  elliptical  in  section,  the  flat  side  of  the  oval 
or  ellipse  being  turned  upward. 

Nearly  all  steering  wheels  are  made  of  wood,  cut  in  sections, 
glued  together,  and  rounded  up,  this  being  a  good  form  to  make, 
easy  and  cheap  to  assemble,  fairly  strong,  and  able  to  resist  weather. 
It  is  attached  to  the  arms  of  the  steering-wheel  spider  by  means  of 
screws.  Fig.  319  shows  a  section  through  a  steering  wheel  which 
brings  out  this  method  of  fastening.  In  the  figure  A  is  the 
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wood  wheel,  BB  are  the  arms  of  the  spider,  a  boss  at  the  end 
of  which  is  attached  to  the  wood  rim  by  means  of  the  wood  screw 
C.  The  spider  arms  are  made  very  light,  being  ribbed  to  give  the 
necessary  strength.  The  hub  of  the  spider  D  is  fastened  to  the 
steering  post  shaft  F  by  means  of  the  two  keys  E,  which  must  be 
very  carefully  fitted,  so  as  not  to  allow  the  slightest  play.  If  there 
be  play  here,  that  is,  if  the  keys  do  not  fit  absolutely  tight  along  the 
sides,  turning  the  wheel  slightly  will  not  be  followed  by  an  equal 
amount  of  turning  of  the  post — called  lost  motion. 

Throttle  and  Spark  Levers.  In  the  usual  case,  the  arms  of 
the  steering  wheel  have  fastened  to  them  the  quadrant  for  the  spark 
and  throttle  levers  which  are  operated  within  the  space  inside  of 


Fig.  319.  Section  through  Typical  Steering  Wheel 


the  rim  of  wood  and  above  the  spider  of  metal,  the  latter  usually 
being  at  a  lower  level  by  several  inches,  as  in  the  figure  shown. 
In  Fig.  319,  however,  the  quadrant  is  not  carried  by  the  spider  arms, 
but  on  a  separate  framework  or  spider  of  its  own  G  carried  up  from 
above  the  hub  of  the  wheel.  Over  this,  the  spark  and  throttle  levers 
H  and  I  work,  serrations  of  teeth  in  the  quadrant  preventing  the 
levers  from  moving,  except  when  they  are  sprung  off  by  the  pressure 
of  the  fingers  operating  them.  In  some  cases,  these  teeth  are  done 
away  with  and  friction  surfaces  are  substituted,  springs  holding  the 
contact  surfaces  together,  being,  however,  so  light  as  not  to  interfere 
with  the  moving  of  the  levers  by  hand. 
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Other  forms  of  spark  and  throttle  lever  holding-devices  are 
used,  as,  for  instance,  the  one  shown  in  Fig.  320,  the  upper  part 
showing  a  view  of  the  wheel  from  above  and  the  lower  part  showing 
a  sectional  drawing  which  explains  the  construction.  There  are 
two  notable  things  about  this,  the  move¬ 
ment  which  controls  the  throttle  and  the 
construction  of  the  steering  wheel.  In 
the  latter,  shown  at  L,  it  will  be  seen 
that  instead  of  the  steering  wheel  being 
made  up  complete  from  wood  and  then 
fastened  to  the  spider  by  means  of  screws, 
it  has  been  made  up  by  using  a  spider 
with  a  flat  circular  rim.  The  wood  wheel 
is  built  up  on  this  as  a  base,  part  above 
and  part  below,  so  that  in  the  finished 
:  wheel,  the  flat  metal  part  does  not  show. 

This  construction  does  away  with  the  pro- 
;  jecting  screws  on  the  lower  side  of  the 
!  wheel. 

Special  Throttle  Control.  The  throt¬ 
tle  is  manipulated  by  means  of  a  small 
notched  wheel,  between  a  pair  of  the 
arms  of  the  spider,  which  is  rotated  by 
the  fingers,  instead  of  by  the  more  usual 
sliding  or  swinging  of  a  lever.  Turning 
this  wheel  turns  a  shaft  within  it,  which 
in  turn  communicates  its  movement  to  a 
vertical  shaft  within  the  steering  post. 

This  in  turn  is  communicated  to  the  car¬ 
bureter  by  means  of  other  levers  and  rods. 

The  idea  is  that  holding  the  rim  of  the 
wheel  with  the  last  three  fingers  and  the 
palm  of  the  hand,  the  thumb  and  first 
finger  can  be  used  to  rotate  this  throttle 
wheel,  the  operator  retaining  control  of  the  steering  wheel  and  alter¬ 
ing  his  engine  speed  at  one  and  the  same  time.  In  the  ordinary 
case,  it  is  necessary  to  take  the  hand  off  the  wheel  in  order  to  reach 
the  throttle  lever  with  the  fingers. 


Fig.  320.  Details  of  Panhard 
Steering  Wheel 
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Swinging  Lexers  Ordinarily  Used.  In  the  usual  case,  as  presented 
by  Fig.  319,  the  throttle  and  spark  levers  swing  about  some  central 
point,  either  the  center  of  the  steering  post,  or  an  offset  rod  parallel 
to  the  steering  post  but  some  distance  away,  as  in  Fig.  315.  In  the 
former  case  the  throttle  lever  swings  to  the  right  and  upward,  and 
is  operated  by  the  fingers  of  the  right  hand,  while  the  spark  lever 
swings  to  the  left  and  upward  and  is  operated  by  the  left  hand. 
The  two  levers  are  close  enough  together  to  allow  them  to  be  mis¬ 
taken  one  for  the  other,  when  both  are  closed  off,  all  movements 
after  that  tending  to  separate  the  levers. 

A  modern  tendency  to  simplify  the  control  of  the  car  is  seen 
in  the  adoption  by  a  few  makers  of  a  simplified  method  of  control, 

shown  by  the  elimination  of  the 


Fig.  321. 


Single  Control  of  Lancia 
(Italian)  Car 


usual  spark  lever,  only  a  lever  for 
the  throttle  being  provided.  The 
spark  is  set  with  two  normal  po¬ 
sitions,  that  for  starting  and  that 
for  normal  running.  Other  posi¬ 
tions  are  brought  about  by  the 
use  of  a  governor  on  the  arma¬ 
ture  shaft,  which  automatically 
advances  or  retards  the  sparking 
point  with  the  speed  of  the  motor. 
Aside  from  simplifying  the  con¬ 
trol  of  the  engine  so  that  it  may 
be  manipulated  by  cheaper  and 
less  intelligent  operators,  it  has  the  advantage  of  being  easier  to  learn, 
for  there  is  one  less  thing  to  manipulate.  When  learning  to  drive 
a  car,  the  hardest  thing  to  master  is  the  moving  of  several  levers  to 
perform  different  functions  at  one  and  the  same  time.  The  elimina¬ 
tion  of  the  spark  lever  as  illustrated  in  Fig.  321  is  a  welcome  step 
in  this  direction. 

In  this  car,  the  throttle  is  controlled  by  the  star-shaped  wheel 
seen  at  the  extreme  right  at  C,  which  works  around  in  a  circle,  its 
motion  moving  the  throttle  lever  in  the  usual  manner.  The  star 
has  four  points,  the  idea  being  that  a  wheel  of  this  character  is  easier 
to  grasp  than  is  a  full  circular  disk.  The  arm  of  the  steering  wheeb 
spider  to  which  this  star  is  attached  is  hollow,  the  wheel  turning  a 


Fig.  322.  Molded  Rubber  Steering  Rim  on  S.G.V.  Car 
Courtesy  of  S.G.V.  Company,  Newark,  New  Jersey 

a  heavier  wheel.  This  does  not  mean  a  heavier  rim  only,  but  a 
heavier,  more  rugged  gear  all  the  way  through.  The  weight  on  the 
front  wheels  of  a  heavy  truck  is  very  great,  and  the  tires,  which 
are  of  solid  rubber,  may  have  frictional  contact  with  the  pave- 
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rod  inside  which  turns  a  small  gear  at  the  center.  The  bulb  of 
the  horn  is  brought  up  along  the  steering  post  and  through  the 
wheel  on  the  assumption  that  the  motorist,  having  his  left  hand 
normally  free,  will  use  it  to  sound  the  horn  at  crossings. 

Different  Wheels  for  Commercial  Use.  For  the  light  delivery 
wagon,  taxicab,  and  similar  cars,  no  difference  in  the  steering  wheel 
is  made,  but  when  it  comes  to  the  heavier  service,  there  is  a  need  for 
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ment  of  several  inches  in  width.  All  this  combines  to  make  turning 
the  vehicle  from  the  driver’s  seat  more  difficult. 

For  this  reason  the  driver  must  have  a  greater  leverage,  which 
means  a  larger  diameter  of  the  wheel.  Then,  too,  the  rim  should  be 
bigger  in  section  in  order  to  withstand  the  harder  use  of  commercial 
service,  and  to  provide  for  the  large  hands  of  the  operators.  Greater 
strain  upon  the  rim  of  the  wheel,  on  attempting  to  turn  heavier  weights 
with  it  means  that  the  rim  must  be  fastened  to  the  spider  more 
securely.  This  means  more  arms,  the  four  usually  used  for  pleas¬ 
ure  cars  being  increased  to  five  for  trucks.  While  this  helps 
a  great  deal,  since  it  provides  five  screws  instead  of  four,  it  is  not 
sufficient,  and  most  of  the  big  trucks  today  are  equipped  with  steering 
wheels  in  which  the  rim  is  built  over  a  central  metal  rim  of  the  spider. 

Usual  pleasure  car  practice  varies  from  14-inch  up  to  16-inch 
wheels,  while  for  commercial  cars,  the  sizes  begin  at  16-inch  and  run 
up  to  18-inch  on  light  trucks,  and  as  high  as  20-  and  22-inch  on 
heavy  trucks.  Rim  sizes  vary  considerably,  a  favorite  for  touring 
cars  being  an  oval  with  from  j-  to  f-inch  vertical  height  and  a  length 
of  about  1*  to  1&  inch.  These  figures  have  no  connection  with 
commercial  work,  the  smallest  being  1  inch  and  on  up  to  inch  in 
height  with  long  diameters  varying  from  If  up  to  If.  For  speed 
work,  racing,  and  the  like,  it  is  usual  practice  for  the  operator  to 
wind  the  surface  of  the  wheel  with  string,  this  giving  a  rough  surface 
upon  which  the  hands  will  not  slip.  This  is  practiced,  too,  by  many 
truck  drivers,  who  claim  that  the  strains  of  steering  the  big  vehicle 
are  not  felt  as  much  when  the  wheel  is  thus  wound. 

To  preserve  the  nice  appearance  of  the  steering  wheel  and  still 
give  the  roughened  surface  to  which  the  hands  will  cling  easily,  even 
in  wet  weather,  many  manufacturers  are  making  a  wheel  of  moulded 
rubber,  the  use  of  this  material  allowing  the  formation  of  the  wheel 
in  any  desired  section,  as  is  seen  in  Fig.  322.  As  a  concession  to 
appearances,  these  are  usually  made  with  a  plain  upper  surface,  the 
lower  or  under  surface,  however,  being  made  in  a  series  of  depres¬ 
sions  and  humps,  between  which  the  fingers  find  a  good  resting  place. 
This  gives  a  good  grip,  as  the  under  side  of  the  wheel  seldom  gets  wet. 

Folding  Steering  Wheels.  The  demands  upon  the  modern  car 
for  accessibility,  simplicity,  and  what  might  be  called  useability 
have  produced  a  number  of  designs  of  minor  parts  which  would 
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Fig.  323.  Tilting  Steering  Wheel  on  the 
King  Car 


have  been  accepted,  if  at  all,  with  ridicule  a  few  years  ago.  Among 
these  may  be  mentioned  the  folding,  tilting,  and  telescoping  forms  of 
steering  wheel.  The  object  of 
these  is  to  allow  the  driver  free 
and  easy  access  to  and  exit  from 
his  driving  position .  Many  years 
ago,  several  makers  brought  out 
tilting  steering  columns,  but  the 
public  would  have  none  of  them. 

Last  year,  Cadillac  brought 
out  the  so-called  folding  wheel, 
and  i t  proved  very  popular.  This 
year,  the  same  has  been  applied 
to  the  King,  Herff -Brooks,  and 
others  of  different  design.  The 
King  type,  it  will  be  noted  from  Fig.  323,  is  a  tilting  rather 
than  folding  form,  the  wheel,  when  unlocked,  sliding  forward 
on  a  grooved  track.  The  Herff  type,  on  the  other  hand,  is 
of  the  true  hinged  form, 

Fig.  324,  and  may  be 
thrown  up  out  of  the 
way.  This  refers  only  to 
the  rim,  however,  as  the 
spark  and  throttle  levers 
do  not  move. 

The  convenience  of 
this  form  of  wheel  is  so 
evident  that  now  that 
they  have  been  well  tried 
out  and  are  used  on  reg¬ 
ular  models  of  a  number 
of  high-class  manufac¬ 
turers,  it  can  be  expected 

that  they  will  be  adopted  by  more  and  more  makers  as  time  passes. 

STEERING  RODS 

Action.  By  the  steering  rod  is  meant  the  rod  which  connects 
the  steering  lever  of  the  steering  gear  to  the  knuckle,  upon  which 


Fig.  324.  Herff-Brooks  Folding  Steering  Wheel 
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the  wheel  is  hung  and  which  turns  about  the  pivot  pin  as  an  axis. 
This  is  the  rod  marked  G  F  in  Fig.  306,  FGH  in  Fig.  308,  and  AB 
in  Fig.  325.  This  latter  figure  brings  out  the  action  of  the  rod  clearly, 
so  it  will  be  explained  in  detail.  The  steering  gear  is  marked  D, 
the  steering  arm  projecting  down  from  it  C,  while  the  steering  rod 
which  connects  the  lower  end  of  the  latter  with  the  lever  on  the 


knuckle  is  marked  A  B. 
F  is  the  knuckle  pivoted 
in  the  axle,  and  carrying 
the  two-ended  lever,  one 
arm  of  which,  E,  has  the 
steering  rod  attached  to 
it  at  B,  while  the  other 
carries  the  cross-connect¬ 
ing  rod  joining  the  two 
knuckles  together.  Since 
the  pivot  point  is  fixed, 
any  movement  imparted 
to  the  knuckle  must  re¬ 
sult  in  its  swinging  about 
the  pivot  point  and  car¬ 
rying  the  wheels  with  it, 
This  movement  is 
imparted  by  the  steering 
rod  to  the  end  B  of  the 
arm  E.  The  steering  rod 
itself  simply  connects 
with  the  steering  lever 
C,  swinging  back  and  forth  in  a  vertical  plane  with  the  steering 
knuckle  F  swinging  around  and  back  in  a  horizontal  plane,  imparting 
the  movement  of  the  former  to  the  latter.  Since  the  end  of  the 
steering  lever  rises  and  falls  while  the  end  of  the  lever  on  the  knuckle 
maintains  a  constant  level,  although  moving  in  a  circle,  the  rod  must 
have  a  universal  joint  at  one  end.  This  is  really  a  necessity  from  two 
points  of  view :  to  allow  the  rear  end  to  move  up  and  down  vertically 
while  the  front  end  swings  around  in  a  circle;  and  also  to  allow  the 
front  end  to  swing  in  a  circle  set  in  one  horizontal  plane,  while  the  rear 
end  remains  stationary  or  practically  so  in  that  plane.  In  short,  the 


Fig.  325.  Typical  Steering  Rod  and  Cross  Connections 
for  Right-Hand  Control  and  Cross-Rod  Front 
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two  ends  move  continuously,  each  in  its  own  plane,  but  the  two 
planes  never  coincide,  the  one  always  being  vertical  while  the  other 
always  stays  horizontal.  This  necessitates  at  least  one  universal 
joint.  Many  makers  play  on  the  safe  side,  and  lower  the  cost  of 
production  by  making  tfie  two  ends 
alike,  a  universal  joint  on  each  one. 

Types  of  Construction.  A  glance  at 
the  construction  shown  in  Fig.  326,  and 
also  that  indicated  in  Fig.  327,  shows  a 
steering  lever  made  with  a  ball  end,  or 
partial-ball  end,  upon  which  the  steering 
rod  is  hung.  In  this,  the  partial  ball 
is  formed  in  the  center  of  a  bar,  the 
inner  end  of  which  is  threaded  and 
screwed  into  the  steering  arm,  with  a 
nut  on  the  outside  to  prevent  its  back-  Fig.  326.  steering  Lever  with 
ing  out.  The  ball  itself  is  made  sepa¬ 
rately  and  slid  on  over  the  rounded  end  of  the  shaft  or  axis.  After 
this  a  sleeve  is  put  on,  followed  by  a  nut  which  holds  the  sleeve  up 
tight  against  the  ball.  The  function  of  the  sleeve  is  to  give  the 
spherical  end  of  the  rod  plenty  of  play  in  a  sidewise  direction. 
This  is  a  cheap  form  of  construction,  but  could  have  been  made  in 


one  piece  had  it  been  desirable  or  necessary  to  do  so.  Such  a  form 
has  a  metal-to-metal  contact,  which  is  hard  upon  both  ball  and 
socket,  necessitating  frequent  and  costly  replacements.  This  is 
obviated  by  backing  the  ball  socket  up  with  a  spring  or  springs, 
as  is  shown  in  Fig.  327.  In  this,  a  form  of  construction  is  shown 
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which  is  now  quite  generally  used,  the  socket  of  the  ball  in  the 
inner  end  of  the  rod  being  set  inside  of  a  sleeve  with  a  spring  on 
each  side  of  it.  These  springs  not  only  take  up  the  road  shocks  but 
the  wear  as  well,  the  shoulder  against  which  they  rest  being  adjust-  j 
able.  In  this  figure  J  is  the  lower  end  of  the  steering  lever  with  the 
ball  end.  This  is  mounted  in  the  ball  socket  G.  A  is  the  body  of 
the  steering  rod,  which  is  expanded  at  the  end  to  a  larger  diameter, 
this  being  designated  in  the  figure  as  B.  Within  this  expanded 
portion,  the  sleeve  E  at  one  end  acts  as  a  shoulder  for  the  spring  F. 

At  the  other  end,  the  outside  of  the  sleeve  is  threaded  to  receive 
the  collar  C  with  the  hexagon  end  K.  Within  this  a  second  spring 
L  holds  the  socket  up  to  its  position.  The  location  of  the  collar  G 


H 


Fig.  328.  Cross-Connecting  Rod  Assembled  and  in  Parts 


determines  the  tension  of  the  spring  L,  and  this  is  locked  in  its 
position  by  the  screw  V.  Should  there  be  wear,  which  necessitates 
the  moving  of  the  ball  toward  the  open  or  left  end,  the  whole  thing 
is  disassembled  and  a  longer  sleever  inserted  in  place  of  the  one  shown 
at  E.  On  the  other  hand,  ordinary  wear  is  compensated  for  by  taking 
up  on  the  collar  C ,  first  loosening  the  lock  screw  V. 

In  Fig.  328,  a  rod  is  shown  assembled  at  the  top  and  disassembled 
into  its  components  at  the  bottom.  The  two  ends  differ,  one  being 
but  a  simple  yoke  with  a  plain  bolt  through  it,  marked  D.  The 
other,  however,  is  a  ball  end  with  an  adjustment  and  with  springs 
to  take  up  shocks. 

All  these  parts  are  marked  in  the  figure  and  may  be  located  by 
letter.  The  body  of  the  rod  is  marked  A ,  the  expanded  end  of  which, 
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Fig.  329.  Typical  Steering  Rod  and  Cross  Connections  with  Cross  Rod  Behind  Axle 

j  by  the  locking  pin  V ,  which  passes  through  both  the  outer  nut,  the 
!  shell  end  of  the  rod,  and  the  inner  spacing  sleeve,  the  ends  being 
riveted  over  to  hold  it  in  place.  This  form  limits  the  adjustment  to 
|  a  full  half  turn  of  the  nut,  while  the  pin  would  soon  need  replace- 


B,  has  a  groove  H  cut  in  it.  Into  the  inner  end  of  this  is  fitted, 
first,  the  spring  F,  second ,  the  two  halves  of  the  ball  socket  G,  and 
third,  another  spring.  The  sleeve  E  closes  the  outer  end  and  over 
the  exterior  is  screwed  the  adjusting  nut  C .  This  is  held  in  place 
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ment  if  much  adjusting  were  done,  as  some  of  its  length  would  be 
lost  each  time  it  was  riveted  over  because  of  the  chipping  away  to  j 
allow  it  to  be  taken  out. 

With  these  examples,  the  field  of  steering  rods  may  be  said  to  1 
have  been  fairly  covered,  but  the  additional  illustration,  Fig.  329,  is 
given  to  show  actual  practice  in  this  line,  as  well  as  for  its  bearing  j 
on  the  subject  which  is  next  in  order  for  discussion,  viz,  cross-  J 
connecting  rods. 

Cross=Connecting  Rods.  The  work  of  a  cross-connecting  rod  is  j 
simple — it  connects  the  two  steering  knuckle  levers,  so  that  they  1 
turn  in  unison,  thus  giving  correct  steering  action.  Without  such  a  ; 
connection,  steering  in  the  present  manner  would  be  impossible.  So,  1 
the  rod  is  of  importance  and  must  be  carefully  guarded.  This  is  done  j 
in  the  usual  case  by  placing  it  directly  behind  the  axle,  and  making 
it  of  the  same  shape,  that  is,  following  the  same  contour,  so  as  to  be  * 
behind  the  axle  at  all  points. 

This  rod  is  not  always  placed  at  the  rear  of  the  axle,  but  some¬ 
times  in  front;  but  when  so  placed,  any  obstruction  in  the  road  is  liable 
to  bend  or  break  it,  in  which  condition  the  car  can  not  proceed. 
Moreover,  even  the  rear  position  is  not  absolutely  guarded,  so  some 
very  cautious  manufacturers  fit  their  cars  with  a  lever  both  in  front 
of  and  back  of  the  knuckle,  and  attach  a  cross  rod  both  front  and 
rear.  Each  one  serves  to  stiffen  and  strengthen  the  other,  so  it  will 
be  a  very  hard  blow  which  will  disturb  the  steering  in  this  case. 
With  the  present  method  of  fitting  the  rod  behind  the  axle  and  having 
it  conform  to  the  shape  of  the  latter,  so  as  to  be  everywhere  pro¬ 
tected,  progressive  manufacturers  feel  that  further  protection  is  not 
alone  foolish  but  a  waste  of  both  time  and  money. 

Since  the  wheels  are  liable  to  wear  on  the  axles,  causing  some 
change  in  the  position  and  inclination  of  the  wheels  to  the  front — 
called  the  gather — there  must  be  an  adjustment  to  compensate  for 
this  and  to  allow  for  making  right  the  position  of  the  wheels.  The 
only  place  where  such  an  adjustment  would  be  effective  is  in  the 
cross  rod,  so  this  useful  member  must  have  at  least  one  adjustment; 
usually  it  is  made  with  two,  one  at  each  end,  which  is  done  for  a 
double  reason.  The  makers  can  not  afford  in  the  interests  of  sim¬ 
plicity  to  make  the  two  ends  different,  as  then  some  one  would 
disassemble  the  axle  and  its  parts  and  fail  to  assemble  them  rightly. 
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Further,  with  both  ends  alike,  the  work  of  making  the  parts  is 
cheapened. 

Functions  and  Shapes  of  Steering  Knuckles.  A  steering  knuckle 
serves  the  double  purpose  of  forming  a  pivot  upon  which  the  wheel 


Fig.  330.  Chrome  Nickel-Steel  Steering  Knuckle  before  and  after  Machining 
S.G.V.  Company,  Newark,  New  Jersey 


may  rotate  in  a  vertical  plane,  and  of  forming  a  pivot  upon  which 
the  wheel  may  swing  around  in  a  horizontal  plane.  In  the  majority 
of  cases,  the  actual  pivot  pin  or  knuckle  pin  is  made  separate,  but 
this  does  not  alter  the  functions  of  the  steering  knuckle.  ‘ 

In  the  average  case,  the  shape  of  the  knuckle  depends  upon  the 
type  of  axle  used,  as  discussed  previously  under  the  heading  of  axles. 
Generally  speaking,  however,  the  two  knuckles  on  the  same  car  are 
different  and  each  one  carries  its  steering  lever  as  an  integral  part 


Fig.  331.  Left  Steering  Knuckle  of  S.G.V.  Car  Before  and  After  Machining 


of  it.  The  knuckles  are  different  because  one  of  them  has  to  carry 
either  a  lever  for  the  steering  rod  to  attach  to  or  else  a  place  to  attach 
one,  as  a  tapered  hole,  in  addition  to  the  lever  for  the  cross-con¬ 
necting  rod.  The  other  knuckle  has  no  necessity  for  either  the 
steering-rod  attaching  arm  or  a  place  for  attaching  it,  but  only  for 
the  arm  to  which  the  cross  connection  is  fastened. 
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This  difference  makes  the  two  steering  knuckles  expensive,  but 
unavoidably  so.  Figs.  330  and  331  show  this  difference,  at  the  same 
time  telling  another  story.  Fig.  330  shows  a  right  steering  knuckle 
blank  of  chrome-nickel  steel  as  forged  for  the  knuckle,  and  by  its 
side  the  finished  knuckle.  In  this  illustration  A  is  the  place  for  the 
outer  wheel  bearing,  B  the  position  of  the  inner  bearing,  C  the  hole 
for  the  separate  pivot  or  knuckle  pin  about  which  the  knuckle  turns, 
D  the  upturned  steering  arm,  to  which  the  steering  rod  is  attached, 
while  E  is  the  arm  to  which  the  cross-connecting  rod  is  fastened. 

Passing  to  Fig.  331,  this  shows  the  left  steering  knuckle  of  the 
same  car,  both  before  and  after  machining,  the  left-hand  figure  here 
being  the  rough  forging.  In  the  second  figure,  the  bearing  positions 
are  marked,  similarly  to  Fig.  330,  A  and  B ,  while  the  hole  for  the 
knuckle  pin  and  the  connecting  rod  arm  are  also  C  and  E  as  before. 
The  arm  D,  in  Fig.  330,  for  the  steering  rod,  is  unnecessary. 

STEERING  MECHANISM  TROUBLES  AND  REPAIRS 

Lost  Motion  in  Wheel.  The  most  common  steering  mechanism 
trouble  is  lost  motion  in  the  wheel,  that  is,  when  the  wheel  is  turned, 
it  must  be  moved  a  considerable  distance  before  there  is  any  result. 
This  free  turning  proves  that  there  is  considerable  wear  somewhere, 
and  usually  this  wear  is  in  the  wheel  and  in  its  fastening  to  the 
steering  post;  sometimes  it  is  within  the  gear  itself,  or  partly  in 
both.  A  certain  amount  of  play  or  lost  motion  is  unavoidable,  and 
if  the  movement  of  the  wheel  before  other  parts  move  does  not 
exceed  f  or  |  inch,  the  amateur  should  not  attempt  to  take  it  out. 

Removing  Wheel.  When  the  wear  is  in  the  wheel  itself  and  in  its 
fastening  to  the  post,  the  wheel  must  be  removed.  It  may  come  off 
easily  but  if  not,  use  one  of  the  many  wheel  or  gear  pullers,  or  sub¬ 
stitutes  previously  described,  or  construct  one  specially  for  pulling 
steering  wheels.  This  should  have  pivoted  and  detachable  side 
members  which  can  be  slipped  over  the  largest  or  smallest  hub  with 
ease.  It  should  remove  the  wheel  without  marring. 

Refitting  Key.  Once  removed,  the  fastening  should  be  exam¬ 
ined.  Many  times  this  is  only  a  square  key,  half  in  the  wheel  and 
half  in  the  post,  in  which  case,  it  can  be  replaced  by  a  rectangular 
key,  thicker  than  it  is  wide.  By  having  a  larger  size  in  one  direction 
the  keyseats  in  both  wheel  and  post  can  be  recut  and  made  to  fit  very 
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accurately.  The  seats  should  be  made  a  little  small  if  anything,  and 
the  key  driven  into  place.  The  tighter  it  fits,  the  less  lost  motion. 

Correcting  Backlash  in  Gear.  With  the  key  fixed,  or  if  it  needs 
no  attention,  the  gear  should  be  examined.  Perhaps  the  gears  have 
worn  enough  to  develop  a  little  backlash.  In  this  case,  most  if  not  all 
the  lost  motion  can  be  taken  out  by  readjusting  the  gears.  If  they 
are  of  the  sector  type,  set  the  sector  in  closer  to  the  worm  by  using 
|  the  eccentric  bushings  on  the  sector  shaft.  If  they  are  of  the  bevel- 
:  gear  type,  set  the  gears  in  closer  together,  moving  whichever  one 
;has  a  sideway  adjustment.  If  they  are  of  the  worm  and  full  gear 
[type,  either  move  the  gear  closer  to  the  worm,  as  in  the  sector  form, 

'  or  take  it  off  and  turn  it.  If  the  shaft  on  which  the  lever  is  placed 
is  equipped  with  a  square,  this  gives  four  positions,  and  the  gear 
can  be  turned  through  90  degrees,  or  a  right  angle;  if  the  lever  is 
put  on  a  hexagon  shaft  the  gear  can  be  turned  through  J  of  a 
full  circle,  or  60  degrees,  giving  six  different  positions;  or  if  the  shaft 
is  a  taper,  the  lever  can  be  moved  over  one  tooth  at  a  time. 

FOUR=WHEEL  STEERING,  DRIVING,  AND  BRAKING 

In  the  usual  automobile,  only  the  front  wheels  are  used  for 
steering,  the  rear  wheels  being  connected  to  the  drive.  The  rear 
wheel  drive  really  is  a  pushing  action,  and,  on  the  assumption  that 
it  is  more  economical  of  power  to  pull  than  to  push  the  vehicle, 
many  inventors  have  adopted  a  method  which  is  the  inverse  of  the 
usual  case,  viz,  one  in  which  the  front  wheels  are  used  for  driving 
and  the  rear  wheels  for  steering.  These  have  not  been  a  real  success 
for  the  reason,  which  soon  became  apparent,  that  the  front  wheels 
are  the  logical  ones  for  steering  regardless  of  the  drive.  However,  as 
the  combination  of  front-wheel  driving  and  steering  has  proved 
very  complicated,  the  problem  must  be  solved  in  some  other  way. 

The  solution  is  held  by  many  well-informed  men  to  be  the  four- 
wheel  drive,  that  is,  the  drive  in  which  all  four  wheels  are  driven. 
In  this  form  of  machine  the  four  wheels  are  usually  all  steering 
wheels  as  well,  and  since  the  rear  wheels  have  been  found  to  be  the 
logical  place  for  the  most  important  brakes,  the  four-wheel  drive 
and  steer  vehicle  usually  has  four-wheel  braking  as  well. 

Problems  of  the  Four=Wheel  Drive.  A  brief  consideration 
of  the  actions  which  may  have  to  take  place  at  the  same  time  in 
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such  an  axle  will  give  a  very  good  idea  of  the  problem  which  must 
be  worked  out.  The  wheels  must  be  free  to  turn  about  the  axle  as  1 
an  axis,  being  driven  through  its  hollow  center;  the  wheels  must 
also  be  free  to  turn  about  the  pivot  point  as  an  axis  swinging  in  a 


horizontal  direction  and  must  be  driven  steadily  all  of  this  time.  All 
of  this  turning,  swinging,  and  driving  action  must  be  outside  of  and 
beyond  the  spring  supports  of  the  chassis,  since  the  body  can  not 
turn;  but  the  axles  must  at  the  same  time  support  the  springs. 
Further,  if  all  four  wheels  are  to  carry  brakes,  these  must  be  applic¬ 
able  at  any  and  all  times,  at  any  and  all  angles  of  inclination  of  the 
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wheels,  either  in  a  vertical  or  horizontal  direction,  and  they  must  be 
so  equalized  as  to  apply  equally  to  all  wheels,  no  matter  how  the 
force  is  applied  to  the  system,  and  no  matter  in  what  position  the 
wheels  may  be. 

The  advantage  of  the  four-wheel  drive — and  with  it  the  four- 
wheel  steer  and  brake — is  granted  by  eminent  engineers,  as  is  also  its 
j  necessity  for  heavy  commercial  trucks,  but  its  use  has  not  been  ex- 
!  tensive  for  the  simple  reason  that  it  is  a  complicated  arrangement  at 
;i  best.  In  many  cases,  the  design  has  been  so  complicated  and  un¬ 
mechanical  as  to  cause  failure,  and  the  reports  of  these  troubles  have 
given  the  four-wheel  driving,  steering,  and  braking  device  a  sort  of 
j1  visionary  air,  so  that  any  one  talking  of  it  is  supposed  to  be  a  dreamer. 
Such  is  not  necessarily  the  case,  for  many  different  practical  four- 
wheel  combination  driving,  steering,  and  braking  devices  have  been 
brought  out,  built,  tested/ and  proved  efficient. 

Chain  Drive.  Fig.  332  shows  one  four-wheel  steering  arrange¬ 
ment,  brought  out  some  years  ago  to  be  used  on  the  Cotta  steam 
j  car.  In  this  the  engine  drove  to  a  central  differential  gear  A,  whence 
four  sets  of  chains  B,  C,  D,  and  E  drove  the  four  separate  live 
|  axles.  Upon  the  ends  of  these  axles  were  pivoted  the  wheels  F,  G, 
H,  and  I,  with  the  axles  driving  through  to  them  by  means  of 
|  universal  joints  which  were  placed  in  the  direct  centers  of  the  wheels 
I  J ,  K,  L,  and  M.  Wheels  and  axles  thus  turned  on  the  same  pivots, 
j  and  the  power  being  transmitted  through  the  universal  at  these  pivot 
|  points,  each  wheel  was  always  receiving  its  share  of  the  power  regard- 
I  less  of  its  position.  Four-wheel  steering  to  accompany  this  makes  a 
very  elaborate  arrangement  of  steering  and  other  rods  as  may  be 
seen  in  this  case. 

As  the  four  wheels  are  pivoted  at  their  centers,  the  steering 
arms  are  attached  directly  to  the  wheels  beyond  this  point.  Rod  N 
connects  the  steering  arms  of  the  front  wheels,  being  moved  from  its 
central  point  0  by  the  steering  rod  P.  Similarly  with  the  rear  wheels, 
rod  Q,  which  connects  the  two  wheels,  is  fixed  to  the  operating  rod 
S  at  its  center  point  R.  Both  operating  rods  P  and  S  are  attached 
by  means  of  levers  to  the  auxiliary  steering  shaft  T,  which  is  actuated 
by  the  hand  lever  or  wheel,  which  the  driver  turns.  If  this  auxiliary 
steering  shaft  be  turned  in  the  direction  of  the  arrow  at  U,  it  requires 
i  little  study  on  the  part  of  the  student  to  see  that  the  wheels  will 
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assume  the  dotted  positions,  the  car  turning  around  in  a  short  circle 
to  the  left. 

A  somewhat  similar  arrangement  has  been  worked  out,  substi¬ 
tuting  a  shaft  drive  for  the  various  chains,  which  require  four  shafts 
each  of  which  must  have  a  universal  joint  to  transmit  the  power  to 
the  four  axles — in  actual  practice,  two  universals  are  necessary  to 
transmit  the  power  around  a  right-angle  turn.  This  number  of 
joints  to  absorb  power  spells  the  downfall  of  this  invention. 

Bevel  Gear  Drive.  The  above  result  is  accomplished  with  ease 
and  without  complication  by  using  bevel  gears.  Thus,  note  the  case 
of  the  front  drive  in  the  Hurtu  cabs,  many  of  which  are  now  running 
in  Paris. 

In  this  vehicle  the  drive  to  the  wheel  is  through  a  double  set  of 
gears,  one  pair  of  bevels,  and  a  set  of  spurs.  Attached  to  the  wheel 
is  the  large  or  driven  bevel,  while  on  an  upward  prolongation  of  the 
steering  pivot  pin,  the  driving  bevel  is  set.  The  relative  size  of  the 
two  bevels  is  such  that  their  center  is  in  the  center  line  of  the  pivot 
pin  at  the  horizontal  level  in  which  the  wheel  turns;  in  short,  the 
center  of  the  bevel  gears  coincides  with  the  center  of  rotation  of  the 
wheel. 

The  center  lines  of  the  wheel  and  knuckle  intersect  in  a  point, 
so  the  driving  system  and  the  pivot  system  have  a  common  center 
point.  It  follows,  then,  that  if  the  wheel  be  revolved  about  the  pivot, 
the  large  bevel  attached  to  the  wheel  will  simply  roll  around  on  the 
smaller  one,  which  latter  is  still  capable  of  driving  the  wheel.  The 
driving  bevel  is  itself  driven  through  spur  gears,  one  being  fixed  to 
it  while  the  other  meshes  with  it  and  is  pivoted  on  a  vertical  shaft. 
The  latter  is  carried  by  the  framing  of  the  axle,  bearings  being  pro¬ 
vided  both  above  and  below  the  driving  gears.  The  driving  gear  may 
be  driven  in  any  manner,  by  shaft,  chain,  or  otherwise  from  the 
source  of  power. 

Electric  Drive.  When  the  final  drive  is  electric,  or  when  the 
source  of  power  is  an  electric  motor,  the  matter  of  four-wheel  driving 
is  much  simplified,  the  wheel  carrying  the  electric  motor  attached 
directly  to  it,  and  turning  with  it  about  the  knuckle  pin.  Both 
wheel  and  motor  are  turned  by  means  of  a  w^orm  and  gear  above,  the 
wheel  attached  to  the  upper  end  of  the  steering  knuckle  pin  prolonged. 
Turning  this  then  turns  the  wheel  and  motor. 
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This  wheel  is  turned  by  the  worm,  which  is  on  one  end  of  a 
cross  shaft.  This  shaft  is  carried  above  the  stationary  bed  of  the 
axle  in  bearings,  and  has  near  the  center  a  bevel  gear,  which  meshes 
with  another  bevel,  attached  to  the  lower  end  of  the  steering  post. 
Turning  the  steering  wheel  turns  the  post,  turning  with  it  the  bevel 
gear,  which  turns  the  bevel  pinion  and  with  it  the  worm  shaft. 
This  latter  turns  the  worm  and  with  it  the  worm  wheel  which  actuates 
the  road  wheels.  The  driver  thus  has  a  triple  reduction  between 
himself  and  the  wheels, 
giving  him  this  much 
advantage  in  steering ; , 
there  is  the  leverage  of 
the  wheel  of  large  diam¬ 
eter,  the  ratio  of  the 
sizes  of  the  two  bevels, 
and  the  ratio  of  reduc¬ 
tion  of  the  worm  gearing, 
which,  in  addition,  is 
irreversible.  The  steer¬ 
ing  gear  is  thus  elimi¬ 
nated  and  four  simple 
gears  substituted  for  it. 

Couple -Gear  Type. 

In  the  Couple-Gear 
wheel,  which  is  an 
American  product,  the 
motor  is  placed  inside  of 
the  wheel — a  type  especially  designed  and  constructed  for  this  pur- 
j  pose.  With  the  motor  in  this  position,  the  wires  enter  through 
the  hollow  hub,  altering  its  construction  very  materially.  As 
compared  with  the  electric  motor  on  each  wheel,  previously  de¬ 
scribed,  this  form  has  the  advantage  of  greater  simplicity,  fewer 
parts,  superior  appearance,  protection  against  the  elements,  while 
the  enclosed  position  of  the  motor,  which  is  the  most  delicate  part 
of  the  machine,  protects  it  against  road  obstructions  and  accidents. 
This  arrangement  also  simplifies  the  steering  problem,  for  the  car 
is  steered  just  the  same  as  any  other  truck,  much  of  the  compli¬ 
cation  incident  to  an  electric  motor  on  each  wheel  being  eliminated. 
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In  Fig.  333  is  shown  a  view  of  the  wheel  with  the  tire  removed 
and  the  whole  disconnected  from  the  axle  ends.  Aside  from  this  it  is 
complete  and  ready  for  use.  Note  how  the  axis  of  the  motor  is  set 
at  a  very  slight  angle,  just  sufficient  to  allow  a  pair  of  very  small 
driving  gears  at  the  two  ends  of  the  armature*  shaft  to  drive  on 
opposite  sides  of  the  wheel.  The  wheel  is  assembled  with  a  pair  of 
driven  gears  on  either  side,  these  being  separated  a  comparatively 
small  distance,  about  2§  to  3  inches.  As  stated,  the  armature  shaft 
has  a  small  bevel  pinion  on  each  end,  each  of  these  meshing  with 
the  driven  gears,  but  on  opposite  sides.  It  is  this  arrangement  which 
gives  the  device  its  name  of  Couple-Gear.  In  this  figure  the  brake 
band  has  been  removed,  but  the  brake  drum  will  be  seen  just  inside 


Fig.  334.  The  Couple-Gear  Axle  and  Parts,  Showing  Method  of  Operation 
Courtesy  of  Couple-Gear  Freight  Wheel  Company,  Grand  Rapids,  Michigan 


the  wheel  at  A .  Beyond  this  is  noted  the  spindle  B,  which  turns  in  a 
bearing  on  the  axle,  and  which  is  made  hollow  for  the  wires  from  the 
battery. 

In  the  second  illustration.  Fig.  334,  an  axle,  either  front  or  rear, 
is  presented  with  the  wheels  removed.  In  this  cut  the  left  wheel  is 
entirely  removed  but  the  one  on  the  right  shows  the  axle  spindle  B , 
the  method  of  fixing  it  in  the  axle  support  at  C,  and  the  armature 
housing  D,  normally  within  the  wheel  and  not  visible.  One  feature 
peculiar  to  this  arrangement  is  the  steering,  which  is  effected  by 
means  of  a  vertical  post  with  a  small  spur  gear  at  its  lower  end  E. 
This  meshes  with  a  curved  rack  F ,  which  is  machined  on  the  outside 
of  a  pivoted  member  G,  to  which  a  pair  of  arms  are  attached.  One  of 
these,  H ,  has  a  rod  7,  which  runs  to  and  operates  the  right-hand 
spindle  B,  while  the  other,  J,  has  a  similar  rod  K,  which  operates  the 
left-hand  wheel.  When  all  four  wheels  are  to  be  driven  in  this 
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manner,  the  post  is  vertical,  but  the  connection  with  the  rack  F 
becomes  horizontal,  with  a  continuation  to  the  rear  axle,  which 
operates  the  various  arms,  levers,  and  rods  there  in  the  same  manner. 

This  particular  system  is  used  for  heavy  commercial  work  only, 
j  and  in  this  it  has  been  particularly  successful  as  a  tractor  or  electrical 
horse,  a  front  axle  and  a  pair  of  wheels  being  substituted  for  the  front 
axle  and  wheels  of  a  heavy  trucking  wagon.  Then,  with  a  sling  under 
the  body  or  beneath  the  driver’s  seat  for  the  batteries  and  proper 
wiring,  control  levers,  and  steering  wheel,  the  former  horse  truck 
;  becomes  an  electrically  driven  electric  truck.  This  system  has  also 
:  been  particularly  successful  as  a  tractor  for  fire  apparatus. 

Shaft  Drive.  An  excellent  vehicle  driven  by  a  system  of  shafts, 
5  gears,  and  silent  chains  was  brought  out,  tried,  and  found  to  be  a 
perfect  success,  but  its  manufacture  was  later  discontinued  because 


Fig.  335.  Side  View  of  a  Four-Wheel  Drive,  Steer,  and  Biake  Motor  Truck 


of  disagreements  among  the  stockholders,  which  finally  disrupted  the 
company.  The  machine-was- a  simple  truck,  consisting  of  two  shaft- 
driven  axles  arranged  for  an  internal  drive  to  allow  of  steering  with 
the  driven  wheels.  Both  axles  were  alike  and  interchangeable. 

The  four-cylinder  engine  of  large  size.  Fig.  335,  was  mounted  at 
the  front  of  the  car  under  a  bonnet,  following  standard  practice. 
Thence  it  drove  back  through  a  clutch  to  a  transmission,  from  the 
rear  end  of  which  a  driving  shaft  was  continued,  which  drove  to 
a  parallel  shaft  below  it  by  means  of  a  silent  chain,  enclosed  in  an 
oil-tight  case.  Both  shafts  to  front  and  rear  axle  were  pivoted 
within  a  casing  at  the  center  of  the  chassis,  with  a  universal  joint 
at  that  point.  The  drive  from  the  propeller  shaft  was  back  through 
this  central  point  to  the  forward  shaft,  and  thus  to  the  front  wheels. 
The  other  shaft  prolonged  drove  the  rear  wheels. 
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This  may  be  made  clear  by  following  Fig.  335  in  detail.  A  is 
the  engine  and  B  the  clutch;  C  is  the  transmission  and  D  the  driving 
shaft  back  of  it.  E  represents  the  silent  chain,  I  the  main  differen¬ 
tial,  H  the  two  propeller  shafts,  G  the  two  axle  casings,  and  F 
the  two  axle  differentials.  J  is  a  motor  winch,  which  will  allow  the 
use  of  the  engine  power  for  hauling  ropes,  cables,  etc.  K  is  the 
central  pivot  point  with  the  universal  joint  within.  This  is  rigidly 


Fig.  336.  Chassis  of  Truck  with  Four-Wheel  Drive  Shown  in  Fig.  384. 

supported  from  the  main  frame,  LL,  which  is  of  heavy  channel- 
section  steel  turned  open  side  out. 

This  is  shown  even  better  by  the  view  from  the  rear  of  the  chassis, 
Fig.  336,  which  is  lettered  similarly  to  Fig.  335  for  comparison. 

Four-Wheel  Steering  Arrangement.  In  the  car  shown  in  Figs.  335 
and  336,  there  are  no  steering  knuckles,  the  wheels  being  connected 
to  the  axle  ends  through  the  medium  of  vertical  trunnions.  These 
bear  on  the  wheel  ball-bearing  ring,  which  is  of  large  diameter  and 
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turns  freely  because  of  its  size  and  the  use  of  ball  bearings.  Within 
this,  the  axle  terminates  in  what  is  really  a  universal  joint,  driving 
through  to  the  outside  of  the  wheels. 

The  wheels  are  thus  free  to  turn  about  a  point  in  the  axle  ends, 


Fig.  337.  Details  of  Axle  of  the  Four-Wheel  Drive  Truck  Shown  in  Fig.  385. 


at  the  same  time  receiving  their  power  through  the  inside  rotating 
shaft.  Fig.  337  is  a  view  of  one  of  these  axles  from  above,  lettered 
as  before.  Here  H  is  the  point  of  attachment  of  the  driving  pro¬ 
peller  shaft,  G  the  cast-steel,  one-piece  case,  F  the  differential  gear 
within  the  large  driven  bevel  gear  0,  MM  the  vertical  trunnions  upon 
which  the  wheels  turn,  and  N  N  the  universal  'oints  which  drive  the 
wheels. 

Having  thus  made  clear  the  different  points,  the  parts  involved, 


Fig.  338.  Diagram  Showing  Steering  Action  of  a  Four-Wheel  Drive  Truck 

and  their  connections  with  one  another,  let  us  look  into  the  actual 
steering  and  see  how  it  is  effected.  Fig.  338  shows  a  drawing  of  the 
truck  from  above,  which  makes  this  plain.  At  the  front  end  of  the 
chassis,  there  is  placed  the  steering  wheel  P,  turning  which  partially 
rotates  the  longitudinal  shaft  Q,  extending  the  length  of  the  chassis. 
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This  shaft  carries  near  its  two  ends  levers  RR,  which  are  connected 
to  the  steering  rods  SS.  These  connect  to  the  steering  levers  UU, 
which  are  fixed  to  the  wheels  themselves,  not  to  the  steering  knuckles 
as  in  the  ordinary  case.  In  fact,  as  mentioned  before,  this  car  has 
no  steering  knuckles.  In  addition  to  the  steering  rods,  attached  to 
the  longer  of  the  two  steering  levers,  there  is  a  cross-connecting  rod 
TT  at  each  end,  which  connects  the  two  steering  levers.  Thus, 
when  the  levers  RR  move  the  rods  SS,  and  through  these  the  levers 
UU,  which  in  turn  move  the  wheels  VV,  the  rods  TT  also  come 
into  play  and  move  the  levers  WW,  in  this  way  moving  the  wheels 
XX.  Therefore,  the  movement  of  the  steering  wheel  in  any  given 
direction,  as  to  the  right,  turns  all  four  wheels,  the  .front  twTo  to  the 
right,  and  the  rear  two  to  the  left,  so  that  they  form  arcs  of  the 
circle  in  which  the  front  ones  are  turning.  The  truck  thus  makes 
the  desired  turn  to  the  right  in  one  half  the  distance  or  time  of  the 
ordinary  truck.  Four-wheel  steering  then  has  the  advantage  over 
two-wheel,  or  ordinary  steering,  of  requiring  only  one  half  the  space 
and  one  half  the  time  to  accomplish  a  given  turn.  The  vehicle 
described  would  turn  completely  around  in  a  circle  of  40  feet,  the 
outermost  circle  shown  in  Fig.  338  being  of  56-foot  diameter. 

Aside  from  the  points  brought  out  above,  four-wheel  steering 
reduces  the  mileage  traveled  to  a  minimum,  as  the  truck  runs  more 
closely  to  corners,  runs  less  in  going  through  crowded  streets,  in 
turning  around,  and  in  backing  up  and  going  away  from  loading  and 
unloading  platforms.  While  each  one  of  these  items  is  small,  a  con¬ 
servative  estimate  would  show  a  saving  of  probably  1,000  miles  per 
year  for  a  heavy  truck,  and  3,000  miles  per  year  for  the  light,  rapidly- 
moving  delivery  wagons. 

Advantages  of  Four=Wheel  Driving.  The  case  just  cited  seems 
to  state  the  advantages  of  four-wheel  steering  very  strongly,  but  no 
more  strongly  than  they  should  be.  Four-wheel  driving  is  equally 
advantageous,  as  may  easily  be  shown. 

It  seems  reasonable  to  suppose,  if  it  is  more  advantageous  to 
drive  with  two  wheels  than  with  one,  it  must  be  better  to  drive 
with  four  than  with  two,  depending,  of  course,  upon  whether  the 
added  complications  are  not  such  as  to  overbalance  the  gain. 

Added  wheels  add  tractive  effort  and  consequently  the  four- 
wheel  drive  has  a  greater  tractive  force  for  the  same  motor  power 
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than  would  a  two-wheel  drive  car  of  the  same  size  and  weight.  That 
this  is  actually  the  case  was  proved  when  the  truck  which  was 
described  in  the  foregoing  pages  was  tested.  The  first  of  these  trucks 
built,  pulling  itself  a  load  of  9  tons,  and  4  more  on  a  trailer,  went 
through  snow  up  to  the  hubs  in  streets  where  horse  service,  as  well 
as  all  other  service,  was  at  a  standstill.  A  test  of  a  second  model 
showed  that  it  would  pull  without  a  pause  a  load  of  24  tons,  including 
its  own  weight  and  that  of  the  two  wagons  upon  which  the  extra 
load  was  piled,  along  any  kind  of  streets,  finally  pulling  the  whole 
load  up  and  over  a  curb-stone  8J  inches  high.  In  this  performance 
there  was  not  the  slightest  hitch  or  pause,  in  fact  the  ease  with  which 
the  truck  did  this  work  was  taken  as  evidence  by  the  makers  of  the 
fact  that  it  could  easily  have 
pulled  an  additional  load  of  4  or 
5  tons. 

These  are  very  unusual  figures 
and  accomplishments,  and  looked 
at  in  the  light  of  the  fact  that 
this  was  all  done  over  six  years 
ago,  and  still  stands  unap¬ 
proached  by  any  modern  vehi¬ 
cle  of  the  two-wheel  type,  it 
becomes  even  more  remarkable. 

The  power  was  not  great,  being 
a  four-cylinder,  5X6  engine  in 
the  first  truck,  and  a  four-cylin¬ 
der,  6X6  engine  in  later  models. 

only  5  tons  capacity,  have  engines  of  practically  equal  power. 

Several  factors  besides  the  four-wheel  drive  had  an  influence  on 
the  tests.  On  these  cars  the  speed  was  deliberately  set  at  9  miles 
per  hour  as  a  maximum,  dropping  to  8  miles,  and  in  several  cases 
to  7  miles  per  hour.  In  thus  sacrificing  speed,  however,  carrying 
capacity  was  gained,  the  final  ton  mileage  being  greater  with  the 
slower  speed.  That  is  to  say,  a  reduction  of  11  per  cent  in  the  speed 
increased  the  carrying  capacity  about  30  per  cent,  while  a  speed 
reduction  of  22  per  cent  doubled  the  pulling  capacity. 

The  other  factors  in  this  remarkable  truck’s  success  were 
specially  constructed  wood  wheels  and  tires.  These  are  grouped 


Fig.  339.  Wood  Wheel  with  Wood  Tread 

Many  modern  trucks  rated  at 
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together  as  one  item  in  this  case,  for  they  were  made  together, 
in  fact,  the  tire  was  the  wheel.  In  the  usual  case,  tires  and  wheels 
would  be  classified  and  described  separately.  As  Fig.  339  shows, 
the  finished  wheel  and  tire  formed  a  simple  piece,  easily  put  in 
the  place  of  a  worn  wheel.  In  using  these  tires,  the  makers  decided 
that  the  wear  should  correspond  to  the  price  of  the  replacement, 
and,  on  this  assumption,  the  wood  wheels  were  constructed.  The 
price  of  a  set  of  ordinary  solid  motor-truck  tires  for  a  vehicle  of  5 
tons  capacity  is  $500  or  more,  and  the  life  is  less  than  a  year.  The 
wheels  used  gave  a  year’s  service,  and  the  price  of  a  set  of  four  was 
but  $75,  so  that  they  gave  equal  service  at  one-seventh  the  cost  of 
rubber  tires. 

Another  contributory  element  of  success  was  the  use  of  broad- 
treaded  wood  wheels  and  tires.  Rock  elm  was  the  material  of  the 
wheel  and  tire,  the  wearing  face  of  the  tire  tread  being  the  ends  of 
the  grain.  The  wheels  were  large,  36  inches  in  diameter,  and  the 
tread  8  inches  wide.  It  was  this  combination  of  large  size  and 
wide  face,  in  addition  to  the  character  of  the  tread,  which  helped  to 
give  these  trucks  their  tremendous  pulling  power.  The  tests 
proved  conclusively  that  for  heavy  trucks  at  least  the  use  of 
four-wheel  driving  and  steering  and  wide  wood  tires  are  to  be 
recommended. 

Recent  Developments  in  Four=Wheel  Drive.  Jeffery  Quad . 
Recent  developments  in  four-wheel  driving  have  been  along  the  line 
of  motor  trucks  only.  In  this  work,  however,  little  has  been  done 
with  sizes  as  large  and  bulky  as  that  just  shown  and  illustrated,  the 
work  being  confined  to  2-  and  3-ton  vehicles,  such  as  purchased  for 
Government  army  service.  This  trend  of  the  Government  officials 
has  produced  several  excellent  vehicles,  among  them  the  Jeffery 
truck  shown  in  plan  view  in  Fig.  340. 

Here  it  will  be  noted  that  the  inclined  driving  shafts  shown  in 
Fig.  335  have  been  carried  right  up  to  the  gearbox  with  a  universal 
on  either  side.  This  construction  has  resulted  in  a  much  more  inclined 
shaft  in  each  case,  but  it  has  also  eliminated  the  tail  shaft  D,  the  use 
of  the  silent  chain  E,  with  its  housing,  the  central  universal  joint, 
and  spherical  bearing  K,  and,  in  addition,  has  simplified  both  shafts. 
The  axles  are  much  simplified,  while  the  casing  on  the  axle  and  shaft 
for  the  driving  shafts  has  been  left  off. 


GASOLINE  AUTOMOBILES 


405 


Another  point  which  will  be  noted  at  once  is  that,  while  in  the 
Four-Wheel  Drive  vehicle  the  engine  was  placed  on  the  center  line 
of  the  car,  on  the  Jeffery  it  is  set  off  to  one  side,  while  the  two  driving 
shafts  to  the  front  and  rear  axle,  which  form  a  continuation  of  each 
other,  are  set  off  to  the  other  side.  This  result  is  produced  by  making 
the  transmission  very  wide  with  three  side-by-side  shafts,  as  shown  in 
Fig.  341.  The  engine  drives  the  splined  shaft  A,  gears  on  which 
transmit  the  rotation  to  the  intermediate  shaft  C,  which,  through 
the  final  gears  E  and  F,  drives  the  final  shaft,  which  is  in  two  parts,  B 
driving  one  pair  of  wheels,  G  driving  the  other  pair.  Note  that  the 
differential  has  been  incorporated  in  this  type  of  drive,  so  that  it  is 
possible  to  have  a  different  drive  for  the  front  wheels  from  that  to 
the  rear  wheels. 

The  rest  of  the  construction  is  too  simple  to  require  a  detailed 
description  beyond  the  simple  statement  that  the  gearbox  gives  four 


Fig.  340.  Plan  View  of  the  Jeffery  Quad  Showing  Disposition  of  Units 
Courtesy  of  Thos.  B.  Jeffery  Company,  Kenosha,  Wisconsin 


forward  speeds  and  one  reverse,  the  latter  being  produced,  when  the 
two  ordinary  shifters  are  in  the  natural  position  shown,  by  shifting 
the  double  reverse  gear  on  shaft  D  along  until  its  left-hand  member 
meshes  with  the  second-speed  gear  on  shaft  A  and  its  right-hand 
member  with  the  low-speed  gear  on  shaft  C. 

Universal  joints  fit  on  the  two  tapers  B  and  C  with  shafts 
inclined  to  the  two  axles.  On  top  of  the  stationary  axle  of  I-beam 
section  is  fixed  a  small  box  which  contains  the  bevel  gears  and  an 
additional  differential  with  suitable  bearings,  the  whole  being 
enclosed.  These  can  be  seen  in  Fig.  340,  that  on  the  rear  axle  being 
plainly  shown,  while  the  one  in  front  is  partly  obscured.  This 
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member  is  shown  in  detail  in  Fig.  342,  which  gives  the  longitudinal 
section  along  the  driving  shaft  at  the  left,  in  which  the  axle  II  is 
noted,  the  bevel  gear  /,  and  the  bearings  for  radial  and  thrust  loads 
at  J  and  K  respectively.  The  driven  shaft  is  seen  at  L,  with  the 


Fig.  341.  Plan  View  of  the  Transmission  of  the  Jeffery  Quad,  Showing  the  Shafts  for  Both  Axles 


sleeve  M  around  it,  the  latter  being  used  to  drive  to  the  differential 
case,  since  the  larger  or  driven  bevel  C  is  not  sufficiently  large  to 
house  the  differential  P. 

Fig.  343  is  a  diagram  showing  the  details  of  the  axle  end  and 


Fig.  342.  Sections  Showing  Bevel  Drives  at  the  Axles  on  Jeffery  Quad 


wheel  construction.  In  this,  II  is  the  I-beam  section  of  the  axle  bed 
shown  in  Fig.  340,  and  N  one  of  the  shafts,  which  carries  at  its 
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end  the  universal  joint  Q,  with  the  end  of  the  shaft  extending  beyond 
the  joint  R.  The  latter  carries  the  spur  gear  S,  which  meshes  with 
the  internal  gear  T  fixed  to  the  wheel,  and  drives  the  vehicle  in  this 


Fig.  343.  Section  Through  a  Wheel  and  Axle  End  of  the  Jeffery  Quad,  Showing 
Method  of  Driving  and  Steering 


manner.  It  will  be  remembered  that  this  is  not  necessarily  a  front 
wheel,  but  any  one  of  the  four. 

The  wheel  turns  on  the  spindle  U,  which  is  part  of  the  steering 
knuckle  F,  this  turning  upon  the  pivot  W.  The  lever  which  turns  the 
wheel  is  attached  at  X,  the  pair  (either  both  front  or  both  rear 
wheels)  being  connected  by  means  of  a  cross  rod,  and  at  one  end  of 
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this  there  is  a  further  connection  to  a  rod  which  runs  the  entire 
length  of  the  chassis.  This  rod  is  operated  by  means  of  the  steering 
gear,  and  imparts  the  same  motion  to  the  front  wheels  as  to  the  rear, 
except  that  the  two  are  in  opposite  directions — that  is,  front  wheels 
turn  to  the  left  and  rear  to  the  right,  so  that  they  will  follow  around 
in  a  correct  circle.  Other  details  of  the  construction  will  be  apparent 
from  a  study  of  the  illustrations. 


Fig.  344.  Thomas  Double-Joint  Four-Wheel  Drive 


Comparison  with  Four-Wheel- Drive  Device.  One  point  should  be 
mentioned  in  comparing  the  two  four-wheel  drives,  that  is,  the 
method  of  driving  and  possible  losses.  By  going  over  the  four- 
wheel-drive  chassis  in  detail,  it  will  be  noted  that  the  drive  is  through 
three  universal  joints,  three  differentials,  one  pair  of  spur  gears,  one 
silent  chain,  and  two  pairs  of  bevel  gears.  In  the  Jeffery,  on  the 
other  hand,  while  the  silent  chain  is  eliminated,  the  drive  has  more 
units  which  make  for  a  loss  of  power,  the  total  including  eight 
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universal  joints,  six  pairs  of  spur  gears,  with  the  same  number  of 
universals  and  bevel  gears.  It  would  seem  as  though  the  five  extra 
universal  joints  and  five  extra  pairs  of  spur  gears  would  add  con¬ 
siderably  to  the  power  losses  in  the  transmission. 

Thomas  Double- Joint  Design.  In  the  Thomas  four-wheel  drive  and 
steer  design,  a  section  through  one  wheel  of  which  is  shown  in  Fig.  344, 
an  entirely  different  object  was  sought.  It  is  a  well-known  fact  that 
the  use  of  a  single  universal  joint  in  a  very  short  shaft,  when  the 
joint  and  shaft  undergo  a  great  deal  of  relative  movement,  produces 
large  variations  in  the  velocity  ratio  of  the  two  shafts  which  it 
connects.  By  using  two  joints  this  variation  is  divided  between 
them,  and  incidentally  the  relative  movement  of  the  two  is  reduced. 
This  arrangement  gives  a  steadier  transmission  of  power  and  less 
wear.  The  Thomas  design  makes  use  of  a  pair  of  joints,  so  placed  that 
they  are  at  equal  distances  on  either  side  of  the  steering  pivot.  To 
make  this  condition  possible  without  an  unusually  long  projecting 
hub,  the  pivot  is  placed  in  the  center  of  the  wheel.  This  will  be 
seen  at  P,  Fig.  344,  while  the  two  joints  can  be  noted  at  J.  As  shown, 
the  drive  is  from  a  differential  shaft  D,  through  spur  gears  S,  but 
the  differential  could  have  been  on  shaft  E  prolonged. 

WHEELS 

Broadly  speaking,  there  are  but  two  kinds  of  wheels  according 
to  the  service  each  is  to  render:  pleasure-car  wheels  and  com¬ 
mercial-car  wheels.  The  former  may  be  further  subdivided  into 
woodt  wire,  and  spring  wheels,  while  the  latter  may  be  divided 
into  wood ,  steel,  and  spring  wheels.  Some  of  the  commercial 
vehicle  wheels  are  further  divisible;  as,  steel  wheels  into  sheet 
steel  and  cast  steel;  wood  into  spoked  and  solid;  and  spring  wheels 
into  various  types. 

Wheel  Sizes.  Wheels  are  used  on  automobiles,  in  combination 
with  the  tires,  to  afford  a  resilient  and  yielding  contact  with  the 
surface  of  the  road,  so  that  people  may  ride  with  comfort.  Therefore, 
a  wheel,  whose  size  is  such  as  to  yield  the  most  comfort  to  the  car 
occupants  with  due  regard  to  its  cost  relative  to  the  cost  of  the  vehicle, 
is  the  wheel  to  use.  Of  course,  the  cost  of  the  wheels  themselves 
is  so  small  in  comparison  with  the  cost  of  the  pneumatic  tires  which 
are  used  on  them  as  to  be  completely  overshadowed  by  the  latter. 


410 


GASOLINE  AUTOMOBILES 


Where  comfort  is  sought  as  the  prime  requisite,  cost  becomes  an 
accessory.  The  larger  the  wheel  used  the  better  the  car  will  ride, 
and  the  greater  will  be  the  comfort  of  the  occupants.  This  state- 


Fig.  345.  Diagram  Showing  Advantage  of  Large  Wheels  in  Passing  Over  Obstruction 


ment  can  be  proved,  although  the  gradually  increasing  sizes  of  wheels 
and  tires  as  used  on  the  best  cars,  both  here  and  abroad — advancing 
from  the  early  26  and  28  X  3-inch  tires,  to  as  high  as  38X5J-inch 
tires,  and  freaks  up  to  48X12 — should  be  sufficiently  convincing. 

Advantages  of  Large  Wheels.  A  graphical  demonstration  of  the 
difference  in  the  action  of  the  large  and  small  wheel  to  the  advantage 


I 


Fig.  346.  Diagram  Showing  Advantage  of  Large  Wheels  in  Passing  Over  Depression 


of  the  former  is  shown  in  two  drawings,  Figs.  345  and  346.  The 
former  presents  the  case  of  wheels  passing  over  a  common  brick, 
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4  inches  wide  by  2  inches  high,  and  the  latter  shows  the  action  in 
passing  across  a  small  rut  in  the  surface  of  the  road,  8  inches  wide 
by  li  inches  deep.  In  both  cases  A  shows  the  28-inch  wheel  and 
B  shows  the  40-inch  wheel.  Both  cases,  too,  have  been  selected  at 
random,  and  not  so  chosen  as  to  favor  either  wheel.  It  would  have 
been  possible  to  so  select  the  sizes  of  both  obstruction  and  depression 
as  to  make  out  a  stronger  case. 

The  height  of  the  brick  being  2  inches  the  wheel  must  rise  that 
distance,  of  course,  whatever  its  diameter,  but  in  the  case  of  the 
28-inch  wheel,  this  rise  of  2  inches  is  large  relative  to  the  wheel, 
being  one-fourteenth,  or  7  per  cent.  In  the  case  of  the  larger  wheel 
of  40-inch  diameter,  the  rise  is  again  2  inches,  but  this  is  now  one- 
twentieth  of  the  wheel  diameter,  or  5  per  cent.  In  the  case  of  the 
smaller  wheel,  the  rise  is  distributed  over  a  length  of  about  18.43 
inches  from  the  moment  when  the  forward  edge  strikes  the 
obstacle  to  the  moment  when  the  last  part  of  the  tire  leaves  the 
last  edge  of  the  brick.  If  this  rise  were  evenly  distributed  over 
this  distance,  rising  as  an  arc  of  a  circle,  its  radius  would  be 
slightly  over  22  inches. 

Considering  the  40-inch  wheel  under  the  same  circumstances,  it 
performs  the  act  of  rising  and  falling  2  inches  in  the  longer  distance 
of  about  21.5  inches,  the  radius  of  this  rise  being  38.75  inches.  It  is 
obvious  that  the  latter  is  a  much  easier  rise  than  the  former, 
the  lift  being  distributed  over  a  length  16  per  cent  greater.  Similarly, 
with  the  descent  from  the  high  point  to  the  surface  of  the  road  again, 
this  more  gradual  rise  and  fall  convert  the  surmounting  of  the 
obstacle  from  a  sharp  upward  bump  and  downward  jounce  into  an 
easy  and  not  unpleasant  swinging  up  and  down. 

A  drop  into  a  hole,  as  illustrated  by  Fig.  346,  shows  the  bene¬ 
ficial  effect  of  the  large  wheel  better,  perhaps,  than  does  the  rolling 
over  a  rise.  A  rut  in  the  road  8  inches  across  is  shown,  into  which 
the  two  wheels  drop  in  passing.  At  A,  the  28-inch  wheel  is  seen  to 
drop  the  considerable  amount  of  &  of  an  inch,  while  at  B  the  40-inch 
wheel  drops  but  f  of  an  inch  into  the  same  hole.  Evidently  the 
larger  wheel  has  an  advantage  in  so  far  as  passing  over  obstacles  or 
holes  is  concerned. 

Again,  on  account  of  its  larger  radius,  the  arc  of  the  larger 
wheel  is  flatter  and  has  more  length  of  tread  in  contact  with  the 
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surface  of  the  ground,  this  being  particularly  noticeable  on  rough 
roads.  Not  alone  does  this  mean  added  adhesion  to  the  ground  and 
thus  lessened  driving  effort  to  propel  the  same  car,  but  it  also  means 
a  greater  resistance  to  side  slip  or  skidding,  thus  conserving  the 
power  and  increasing  the  safety  of  the  occupants.  Other  arguments 
could  be  offered  in  favor  of  large  tires  for  easy  riding,  but  those 
given  should  suffice. 


PLEASURE=CAR  WHEELS 

Wood  Wheels.  Wood  wheels  are  the  most  common  form  for 
pleasure  cars  in  this  country,  being  almost  universal.  Ordinarily, 
they  are  constructed  of  an  even  number  of  spokes,  which  are  tapered 
at  the  hub  end  and  rounded  up  to  a  small  circular  end  with  a  shoulder 
at  the  rim  or  felloe  end.  Fig. 

347  shows  this  construction, 

A  being  the  felloe  on  which 
is  the  rim  B.  R  is  the  spoke 
which  at  the  hub  end  tapers 
down  to  the  wedge-shaped 
portion  P.  This  matches  up 
to  the  wedge-shaped  ends  of 
the  other  spokes,  so  that  when 
the  wheel  is  assembled  they 
form  a  continuous  rim  around 
the  central  or  hub  hole. 

The  spokes  are  held  at 
their  inner  ends  by  metal 
plates  and  by  through  bolts,  which  are  set  at  the  joints  between  the 
spokes  so  as  to  pass  equally  through  each  spoke  as  shown  at  D. 
Not  only  do  these  bolts  hold  the  spokes  firmly  to  the  wheel,  but 
they  have  an  expanding  or  wedging  action  tending  to  make  the 
center  of  the  wheel  very  rigid. 

The  outer  end  of  the  spoke  has  a  round  part  C  and  a  shoulder  E, 
upon  which  a  hole  bored  through  the  felloe  fits.  To  prevent  the 
felloe  coming  off  after  the  spoke  is  in  place,  the  spoke  is  expanded 
by  means  of  a  small  wedge  driven  into  it  from  the  outside,  as  shown 
at  F.  In  this  way,  the  wheel  is  constructed  from  a  series  of  com¬ 
ponents  into  a  strong,  rigid  unit. 
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Such  wheels  wear  in  two  places,  at  the  inner  and  at  the  outer 
end  of  the  spokes.  The  remedy  in  the  latter  case  is  to  withdraw 
the  small  wedge  and  insert  in  its  place  a  larger  one.  At  the  hub  end, 
when  wear  occurs,  this,  too,  must  be  taken  up  by  means  of  wedges. 
Fig.  348  shows  a  method  of  doing  this  when  the  hub  has  no  bolts 
at  the  joints.  A  false  steel  hub  A  is  driven  into  the  hub  hole,  after 
which  wedges  of  steel  are  driven  in  between  the  wedge-shaped  ends 
of  the  spokes.  For  slight  cases  of  wear  and  squeaks,  the  wheel  may 
be  soaked  in  water,  which  will  cause  it  to  swell,  taking  up  all  of 
the  space. 

There  are  various  modifications  of  this,  nearly  all  of  them 
changing  the  hub  end  of  the  spoke.  In  the  Schwartz  wheel,  a  patented 

form,  each  spoke  is  made  with  a 
tongue  on  one  side  of  the  wedge- 
shaped  part  and  a  groove  on  the 
other.  In  assembling  the  wheel, 
the  tongue  of  each  spoke  fits  into 
the  groove  of  the  spoke  next  to 
it,  thus  rendering  the  whole  hub 
end  of  the  wheel,  when  assembled, 
a  stronger  unit — being  stronger 
in  two  directions,  one  of  them  of 
more  than  ordinary  value.  In 
driving  the  tongue  into  the  groove 
the  wheel  is  rendered  strong  in  a  radial  direction,  but  when  the  wheel 
is  entirely  assembled,  the  tongue  and  groove  method  leaves  it  very 
strong  to  resist  side  shocks,  a  point  in  which  the  wood  wheel  is 
weakest. 

Staggered  Spokes.  As  mentioned  above,  the  wood  wheel  has 
little  lateral  strength,  nor  can  it  ever  have,  from  the  very  nature  of 
its  construction,  except  in  unusual  cases,  like  the  Schwartz  patent 
wheel  just  described.  A  method  of  increasing  the  lateral  strength 
somewhat  is  that  of  using  staggered  spokes,  these  being  alternately 
curved  to  the  outside  and  to  the  inside,  as  shown  in  Fig.  349.  This 
gives  one  set  of  half  of  the  spokes  forming  a  very  flat  cone  with  its 
apex  or  point  at  the  inner  side  of  the  hub,  while  the  others  form 
another  cone  with  its  apex  at  the  outside  of  the  hub.  Each  one  of 
these  conical  shapes  is  stronger  to  resist  stresses  from  the  side  on 
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which  the  point  is  located  than  would  be  the  same  number  of  spokes 
set  flat.  Hence,  the  staggered-spoke  wheel  has  the  advantage  over 
the  ordinary  type  in  that  it  has  greater  strength  from  both  sides. 
In  the  figure,  A  is  the  iron  hub,  B  the  felloe,  Cx  the  right-hand  and 
C2  the  left-hand  spoke,  and  D  the  steel  rim  for  the  tire.  This  is  a 
12-spoke  wheel,  6  of  the  right-hand  spokes  C i  and  6  of  the  left-hand 
spokes  C2.  The  section  shows  how  these  pass  alternately  to  the  one 
side  or  to  the  other  forming  the  strong  cone  shape. 

Another  method  of  handling  this  problem  in  a  somewhat  similar 
manner  is  the  use  of  double  sets  of  spokes,  the  spokes,  however,  being 
in  two  different  planes  separated  a  considerable  distance  at  the  hub. 


Fig.  349.  Details  of  Wood  Wheels,  with  Staggered  Spokes 

Of  a  necessity  using  the  same  felloe,  the  outer  ends  must  be  in  the 
same  plane.  Fig.  350  shows  a  drawing,  representing  a  section  through 
the  center  line  of  the  wheel,  while  Fig.  351  shows  a  photographic 
reproduction  of  it. 

In  Figs.  350  and  351,  A  represents  the  steel  rim  on  the  felloe 

F,  the  latter  being  of  metal  in  this  case,  as  is  also  the  wheel  so  it 
may  be  disassembled.  The  spokes  R  have  a  tubular  end  piece  of  metal 

G,  which  is  set  over  the  rounded  end  of  each  spoke  and  fits  into  a 
hole  in  the  felloe.  I  and  S  are,  respectively,  the  inner  and  outer 
parts  of  the  hub,  which  are  held  together  and  to  the  spokes  by  means 
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of  the  bolts  N.  Z  is  the  hub  cap,  while  U  and  V  are  filler  pieces, 
aiding  in  the  dismantling  process.  The  strength  of  the  wheel  is  self- 
evident,  but  it  is  difficult  to  see  the  advantage  of  the  disassembling 
feature,  as  a  stress  or  strain  which  would  break  a  spoke,  would  in 
almost  every  case  break  practically  all  of  the  spokes,  thus  neces¬ 
sitating  a  new  wheel,  instead  of  new  spokes. 

Wire  Wheels.  Many  of  the  little  details  of  the  automobile 
were  inherited  from  its  predecessor,  the  bicycle.  Among  these  may 


Fig.  351.  Complete  Steel  and  Wood 
Truck  Wheel 


Fig.  350.  Section  of  Steel 
and  Wood  Wheel 


be  mentioned  the  wire  wheel.  Practically  all  bicycle  wheels  were 
and  are  of  the  wire-spoked  type,  and  this  same  form  of  wheel  was 
used  on  all  earlier  automobiles.  It  had  no  strength  in  a  sidewise 
direction,  nor  did  it,  in  fact,  have  much  of  anything  to  recommend 
it  except  its  light  weight.  For  this  reason,  it  failed  in  automobile 
service,  and  received  a  setback  from  which  it  has  even  now  not 
wholly  recovered. 

Early  Bicycle  Models.  Fig.  352  shows  an  early  type  of  wire 
wheel  for  automobiles,  its  construction  indicating  clearly  its  bicycle 
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ancestry.  The  spokes  were  set  into  a  casting,  which  formed  the  hub, 
and  into  the  steel  rim  by  means  of  a  threaded  sleeve,  the  head  on 
each  end  of  the  spoke  resting  on  the  inner  end  of  the  sleeve.  The 
sleeves  were  screwed  in  and  out  to  adjust  the  tension  of  the  spokes. 
This  tension  was  usually  considerable,  thus  reducing  in  part  the 
ability  of  the  wheel  as  a  whole  to  resist  side  stresses,  for  the  piece 
already  in  tension  could  not  be  expected  to  sustain  additional  ten¬ 
sion,  or  compression,  or  a  combination  of  either  with  torsion, 
according  to  the  way  the  force  was  applied.  Then,  too,  the 
casting  for  the  hub  was  wholly  unsuited  to  resist  stresses,  and  the 
distance  apart  of  the  spokes  at  the  hub  was  not  sufficient,  making 
the  cone  so  very  flat  that  it  had 


very  little  more  strength  than  a 
perfectly  flat  wheel. 

Following  the  failure  of  wire 
wheels,  there  was  a  rapid  change 
to  wood  wheels,  which  were  almost 
universal  for  several  years.  Soon 
after  this  change  was  made,  there 
was  an  increase  in  the  size  and 
power  of  automobiles,  which,  in 
turn,  was  followed  by  a  demand 
for  lessened  weights.  In  the  meantime,  maxers  of  wire  wheels, 


Fig.  352.  Hub  Details  of  Bicycle  Wheel 


knowing  their  faults,  began  to  re-design  in  order  to  eliminate  them. 
Their  success  is  best  evidenced  abroad,  where  about  one-half  of  the 
French  and  more  than  two-thirds  of  the  English  cars,  in  addition 
to  over  seven-eighths  of  the  racing  cars  in  both  countries,  are  now 
equipped  with  wire  wheels. 

New  Successful  Designs.  This  result  has  been  brought  about 
by  a  realization  of  the  previous  defects  and  their  elimination.  Thus,  \ 
no  more  cast  hubs  are  used,  drawn  or  pressed  steel  of  the  highest  qual¬ 
ity  and  greatest  strength  being  used  instead.  The  spokes  have  been 
carried  out  farther  apart  at  the  hub,  obtaining  a  higher  cone,  and 
thus  a  stronger  one.  Spoke  materials  are  better  and  stronger,  besides 
being  used  in  greater  quantities,  that  is,  larger  spokes  and  larger 
numbers  of  spokes  per  wheel,  in  some  cases  a  triple  row  of  spokes 
being  used  in  addition  to  the  ordinary  two  rows.  This  additional 


row  acts  as  a  strengthener  and  stiffener  much  like  the  diagonal  stays 
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on  a  bridge.  Fig.  353  shows  a  set  of  double-spoke  wire,  triple-spoke 
wire,  and  interchangeable  wood  wheels  side  by  side  for  comparison, 
while  in  Fig.  354  is  presented  a  recent  triple-spoke  front  wheel  in 
detail. 

In  the  former  figure,  the  relative  depths  of  the  various  cones 
and  their  corresponding  strengths  are  made  evident,  being  side  by 

side.  In  this  comparison, 
it  will  be  noted  that  the 
new  triple-spoked  wheel 
has  a  much  longer  outer 
cone  than  the  double- 
spoked  wheel,  while  on 
the  other  hand,  the  inner 
cone  has  been  flattened. 
The  triple  spoke  has  a 
greater  depth,  consider¬ 
ing  the  set  of  them  as 
an  additional  cone,  than 
has  the  inner  cone  in  the 
double-set  wheels. 

In  examining  closely 
the  older  double-spoke 
form  and  the  newer  triple 
type,  it  will  be  noted, 
also,  how  the  wheel  itself, 
or  rather  the  tire  and 
rim,  have  been  brought 
closer  in  to  the  point  of  attachment,  thus  rendering  the  whole  con¬ 
struction  stronger  and  safer.  In  Fig.  353  it  will  be  seen  that  the 
center  line  of  the  tire  and  rim  passes  midway  between  the  inner  and 
outer  ends  of  the  hub  on  the  double-spoke  wheel,  while  on  the  triple 
form  it  is  even  with  the  inside  end  of  the  inner  hub,  being,  in  fact, 
farther  in  than  is  the  case  with  the  wood  wheel.  One  thing  will  be 
noted  in  all  these  spokes,  regardless  of  number,  position,  or  inclination, 
and  that  is  that  their  ends  present  a  straight  head.  On  the  older 
bicycle  spokes,  the  diagonal  spoke  head  was  a  great  source  of  weak¬ 
ness,  tending  to  create  failure  at  the  outset.  The  modern  wire  wheel 
is  so  constructed  as  to  do  away  with  this  fault.  By  actual  tests,  the 
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wire  spoke — not  the  stronger  triple  spoke  but  the  double  spoke — has 
been  found  to  have:  lighter  weight  for  the  same  carrying  capacity; 
greater  carrying  capacity  for  equal  weight;  superior  strength  from 
above  or  below  in  the  plane  of  the  wheel; 
lower  first  cost  (it  is  doubtful  if  this  will 
hold  good  for  the  newer  triple-spoked 
forms) ;  and  in  addition,  tests  have  proved 
superior  strength  in  a  direction  at  right 
angles  to  the  plane  of  the  wheel.  So 
marked  is  the  difference  in  weight  of 
the  two,  that  five  wire  wheels  are  said 
to  be  lighter  in  weight  than  four  wood 
wheels  of  equal  carrying  capacity. 

All  these  arguments  in  favor  of  wire 
have  been  built  up  one  by  one,  for  much 
prejudice  had  to  be  removed.  In  spite 
of  this,  however,  the  wheel  is  slowly  but 
surely  building  up  a  reputation  and  a 
long  list  of  friends.  Since,  even  now, 

England  and  the  Continent  continue  to 
set  the  fashion  in  automobiles,  it  is  not 
too  much  to  expect  to  see  wire-spoked 
wheels  in  common  use  in  the  United 
States  in  a  few  years.  In  fact,  the  dozen 
manufacturers  offering  this  wheel  in 
1914,  with  ten  more  giving  it  as  an 
option,  have  been  increased  to  about 
forty  who  are  fitting  it  regularly,  with 
perhaps  fifty  or  more  offering  it  as  an 
option  in  1915.  In  fact,  almost  any  car 
maker  in  the  country  will  fit  wire  wheels  for  a  slight  additional  charge. 

For  1916,  there  is  no  greater  number  of  firms  fitting  the  wire 
wheel  as  an  extra,  but  the  popular  tendency  in  this  direction  is  shown 
by  the  fact  that  there  is  no  loss  either,  while  the  number  of  firms 
offering  the  wire  wheel  as  an  option  has  increased  very  materially — 
in  fact,  has  more  than  doubled  over  1915.  For  the  1916  season, 
combining  the  firms  offering  the  wheels  as  regular  (7  per  cent)  with 
those  giving  them  as  an  option,  a  total  of  18  per  cent  is  in  the  wire 


Fig.  354.  Details  of  Triple-Spoke 
Front  Wheel 
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wheel  class,  and  the  balance,  82  per  cent,  use  wood.  In  1915,  the 
regular  wire  equipment  was  the  same  (7  per  cent)  but  the  total  of 
regular  and  optional  was  only  12  per  cent, 
wood  accounting  for  the  other  88  per  cent. 

Wire  Wheels  Much  Stronger.  The 
increase  in  the  use  of  wire  wheels  has 
been  brought  about  by  better  designs; 
greater  attention  to  the  details  of  manu¬ 
facture,  assembly,  and  use;  but  primarily 
by  the  greater  strength  which  has  been 
built  into  the  wire  wheel.  One  way  in 
which  this  has  been  done  is  by  rearrange¬ 
ment  of  the  spokes  as,  for  instance,  the 
triple-spoked  form  just  described  and 
shown  in  Fig.  354.  Another  and  later 
form  is  the  quadruple-spoked  wheel  as 
seen  in  Fig.  355.  This  is  made  and  sold 
by  the  General  Rim  Company,  Cleveland, 

Ohio,  and  is  called  the  G-R-C  wheel. 

As  the  sketch  indicates,  it  has  all  the 
features  of  demountability,  etc.,  of  other 
wire  wheels,  the  notable  differences  being 
the  spoke  arrangement  to  give  strength 
and  the  form  of  rim — a  patented  form  to 
be  described  in  detail  later. 

By  comparison  with  Fig.  354,  it  will 
be  noted  that  a  double  triangular  section 


is  formed  in  the  G-R-C,  the  inner  spokes  Fig.  355.  g-r-c  Quadruple-Spoked 

#  Wire  Wheel 

form  the  inside  of  the  hub  and  the  outside 

of  the  hub  forming  one  triangle,  while  the  outer  spokes  from  each 
form  the  other.  In  Fig.  354,  it  will  be  noted  that  there  is  but  the 
one  triangle  and  a  straight  row  of  spokes. 

Sheet=Steel  Wheels.  The  sheet-metal  wheel  is  really  a  form  of 
wire-spoked  wheel,  with  an  infinite  number  of  spokes  joined  together. 
It  has  many  advantages,  some  of  which  might  be  mentioned  as 
follows!  strength;  lightness;  low  first  cost;  low  cost  of  maintenance, 
and  cleanliness.  To  take  them  up  in  order,  the  strength  of  two  steel 
plates  set  a  few  inches  apart  in  somewhat  of  a  triangular  form  with 
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the  base  toward  the  hub  and  well  attached  at  the  center  and  at  the 
rim  of  the  wheel  is  self-evident.  Aside  from  the  natural  strength  of  the 
steel  plates — far  in  excess  of  the  wire  spokes — or  round  wood  spokes, 
there  is  the  strength  of  the  triangular  form.  A  strong  connection  at 
the  top  and  at  the  bottom  makes  the  whole  construction  very  similar 
to  a  structural  form.  This  shape  closely  resembles  a  box  girder, 
having  great  resisting  strength  in  all  directions. 

The  light  weight  of  the  steel  wheel  comes  from  the  thinness  of 
the  steel  plates  which  are  used,  and  similarly  from  the  thin  and  light 
connecting  members,  either  top  or  bottom.  In  Fig.  356  the  junction 


at  the  top  is  seen  to  be  nothing  more  than  the  steel  rims  for  the  tire, 
thus  doing  aw^y  with  the  usual  felloe  or  substitute  for  it.  In  this 
figure,  the  wheel  is  seen  to  consist  of  the  hub  made  with  two  flanges, 
to  which  the  side  sheets  are  bolted;  the  brake  drum  I  bolted  to  the 
sheet  on  the  inside,  midway  up  its  height;  the  steel  rim  mentioned 
before,  and  the  bolts  and  rivets  necessary  to  joint  the  parts.  At 
the  hub,  bolts  are  used  to  allow  of  dismounting  the  sheets  in  case  of 
damage,  for  replacement  or  otherwise.  At  the  rim,  however,  the 
plates  are  riveted  to  the  rim,  and  riveted  together. 
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Low  first  cost  is  brought  about  by  the  simplicity  of  the  wheel. 
The  wheel  consists  of  the  usual  rim,  not  counted  in  the  wheel  cost, 


and  two  pressed-steel  sheets  flanged  at  the  top  and  with  a  few  holes 
punched  in  them.  These  sheets  are  very  cheap  to  make,  while  the 
hub  construction  is  much  cheaper  than  the  ordinary  hub,  for  the 
reason  that  there  are  usually  two  parts  where  this  construction 
requires  but  one,  and  this  a  very  simple  one  needing  little  machining. 
Low  maintenance  cost  is  brought  about  by  the  rigidity  of  the  whole 
construction;  the  few  parts  which  make  few  to  replace  or  even  to 
wear;  the  cheapness  of  these 
parts  when  replacement  is 
necessary;  and  the  well- 
known  strength  and  long 
life  of  sheet-steel  plates. 

On  the  score  of  clean¬ 
liness,  it  may  be  said  that 
this  is  one  of  the  draw¬ 
backs  of  the  wire-spoked 
wheel,  cleaning  between  and 
around  the  spokes  being 
very  difficult,  if  not  actu¬ 
ally  impossible.  The  large 
number  of  spokes  makes  the 
hub  inside  of  the  spokes  im¬ 
possible  to  clean,  whereas, 
with  the  sheet-metal  wheel, 

the  cleaning  consists  in  Fig  357  Sheet-Steel  Wheel  Complete 

merely  turning  a  hose  on  . 

the  sides  of  the  wheel,  the  cleaning  of  the  hub  being  entirely 


unnecessary. 

It  will  be  noted,  too,  in  this  illustration  that  the  wheel  has 
considerable  spring  or  should  have  in  a  vertical  direction.  It  is 
claimed  for  this  type  of  wheel  that  this  springiness  is  an  added 
advantage  as  it  allows  the  use  of  solid  or  cushion  tires,  and  thus 
eliminates  the  troublesome  pneumatic  tire  with  its  puncture  and 
blow-out  possibilities.  For  commercial-car  use,  all  of  the  advantages 
just  mentioned  are  of  double  worth,  for  which  reason  the  steel  wheel 
is  making  great  strides  forward  on  commercial  cars.  Where  the 
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springiness  of  the  wheels  is  not  so  desirable  as  strength,  the  sheet- 
steel  plates  may  be  replaced  with  either  pressed  or  cast-steel  side 
members  on  which  strengthening  ribs  are  formed.  The  sides  of  the 
wheel  have  holes  H  H  through  them  which  are  provided  for  ventila¬ 
tion,  to  decrease  the  weight  of  the  side  sheets,  and  to  lessen  the  wind 
resistance  to  the  wheel  when  moving  rapidly.  In  some  steel  wheels 
these  holes  are  omitted,  in  others  a  larger  number  than  the  four 
shown  here  are  used.  Fig.  357  gives  a  better  idea  of  the  general 
appearance  of  the  wheel  ready  to  use,  being  lettered  the 
same  as  Fig.  356.  The  spokes  shown  in  Fig.  357  are 
painted  on  the  smooth  exterior  .of  the  plates,  but  in 
other  wheels  these  spokes  are  formed  in  the  plates  as 
previously  mentioned. 

Steel  Wheels  Designed  for  Cushion  Tires.  Sheet-metal 
wheels,  particularly  those  of  very  thin  sheets,  have  a  certain 


amount  of  springiness,  this  being  utilized  with  solid  and  cushion 
tires  on  the  assumption  that  the  wheel  will  absorb  the  vibrations 
set  up  by  the  road  inequalities.  In  Figs.  358  and  359,  a  wheel  is 
shown  which  was  designed  for  this  express  purpose,  using  very  thin 
plates.  The  wheel  is  called  an  elastic  wheel,  and  uses  sectional 
solid  tires,  as  shown. 

By  means  of  the  figures  the  construction  is  made  clear,  the  wheel 
consisting  of  two  halves,  one  a  single  sheet  of  metal  attached  to  the 
hub  and  forming  its  own  rim  portion,  and  the  other  of  a  section  which 
consists  of  two  sheets,  one  attached  to  the  hub  and  forming  its  own 
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rim  portion  with  another  additional  plate  riveted  to  it  near  its  outer 
end  and  attached  to  a  middle  flange  on  the  hub.  The  two  outer 
members  of  themselves  would  be  very  springy  and  consequently 
very  weak,  being  of  very  thin  metal.  The  diagonal  extra  sheet  stiffens 
the  whole  construction,  besides  adding  50  per  cent  to  its  side  strength. 
This  is  also  of  thin  metal,  so  the  whole  wheel  retains  some  springiness. 

Parker  Pressed=Steel  Wheels.  One  fault  with  all  the  steel  and 
sheet-steel  wheels  mentioned  was  that  they  did  not  resemble  other 
wheels,  consequently  the  people  did  not  want  them.  Moreover,  in 
many  cases,  their  construction  did  not  adapt  them  to  the  use  of 
regular  tires  but,  on  the  contrary,  called  for  special  and  expensive 
forms.  However,  none  of 
these  drawbacks  are  pres¬ 
ent  in  a  new  form  of 
pressed-steel  wheel,  Fig. 

360.  Upon  close  inspec¬ 
tion  it  will  be  seen  that 
this  wheel  has  no  felloe  in 
the  ordinary  sense,  the 
rim  of  the  wheel  forming 
the  only  felloe.  In  this 
respect  the  wheel  is  an 
outgrowth  of  the  former 
Healy  demountable  rim, 
the  modern  form  being 
a  combination  of  a  de¬ 
mountable  rim  with  steel 
spokes.  This  wheel  is 

suitable  for  any  car,  the  hollow  steel  spokes  having  great  sustaining 
power.  It  is  interchangeable  with  all  ordinary  wood  artillery  wheels 
of  the  same  size,  and  fits  between  the  usual  hub  flanges.  The  spoke 


Fig.  360.  General  Appearance  of  the  Parker  Hydraulic 
Steel  Wheel  Is  Not  Different  from  Others  of  Wood 


portion  is  made  as  a  pair  of  units,  each  forming  half  of  all  the  spokes, 
the  two  being  welded  together.  When  finished  in  this  manner  they 
have  half  the  weight  and  more  than  twice  the  strength  of  the  wood 
wheel,  the  greatest  saving  being  at  the  rim,  by  the  removal  of  from 
60  to  100  pounds  of  metal  and  wood. 

This  wheel  takes  the  ordinary  demountable  rim  directly  upon 


the  ends  of  the  spokes,  the  one  shown  being  the  No.  2,  which  is  suit- 
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able  for  about  twelve  different  rims  as  made  by  the  largest  manu¬ 
facturers.  The  No.  1,  whose  only  difference  in  appearance  is  a  flat 
spot  just  under  the  boltheads  at  the  ends  of  the  spokes,  takes  all  one- 
piece  clincher  or  straight  side  rims,  whether  clincher  or  Q.D.  (quick 
detachable).  The  wheel  shown  is  a  36  by  4J  size,  made  from  .083- 
inch  sheet  steel,  with  ten  spokes  If  inches  round  and  a  center  portion, 
all  of  the  same  thickness  of  steel. 

COMMERCIAL=CAR  WHEELS 

Requisites.  On  commercial  cars  the  service  is  so  different  as 
to  call  for  entirely  different  wheels.  Of  course,  many  commercial- 
car  wheels  are  nothing  but  pleasure-car  wheels  with  heavier  parts 
throughout,  but  it  is  coming  to  be  recognized  that  heavy  trucks, 
tractors,  and  similar  vehicles  should  have  their  wheels  designed  for 
service  required  of  them  the  same  as  lighter  cars.  No  springiness  or 
resiliency  is  required  for  heavy  truck  service,  but  simply  these  three 
things:  strength  to  carry  load  and  overloads;  strength  to  resist  side 
stresses;  and  material,  design,  and  construction  such  as  will  make 
for  low  first  cost  and  low  cost  of  maintenance.  A  fourth  desirable 
quality  might  be  added  to  these,  the  quality  of  being  adaptable  or 
adapted  to  the  tires  to  be  used. 

Wood  Wheels.  Taking  Fig.  361  as  an  ordinary  heavy  vehicle 
wheel,  let  us  see  in  what  ways  it  fulfills  or  falls  short  of  these  require¬ 
ments.  The  spokes  are  large  in  both  directions,  and  widened  out 
at  the  felloe  to  give  greater  side  strength.  The  felloe,  which  can  not 
be  seen,  may  be  judged  as  to  size  from  the  width  and  location  of 
the  dual  tires,  which  would  indicate  great  width  and  considerable 
thickness.  This  style  of  tire  calls  for  a  steel  band  shrunk  over  the 
felloe,  while  the  heads  of  the  cross  bolts  show  how  the  tires  were 
put  on  and  held  on.  All  these  make  for  great  strength  in  both 
horizontal  and  vertical  directions,  and  all  parts  except  the  spokes 
are  simple  to  make,  and  even  these  are  simple  for  the  wheel  manufac¬ 
turer  whose  shop  is  rigged  to  make  them.  Moreover,  to  fill  the 
last  requirement,  the  wheel  is  adaptable  to  this  tire  or  any  one  of  a 
number  of  motor-truck  tires  which  might  be  used. 

A  slight  variation  from  this  is  the  double-spoked  wheel,  in  which 
the  spokes,  in  addition  to  being  placed  in  double  rows,  are  set  so 
as  to  miss  one  another  across  the  wheel,  that  is,  each  spoke  of  one 
row  coming  between  two  of  the  other.  This  placing  allows  the  spokes 
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to  be  made  larger  and  stronger  than  in  the  ordinary  case,  while  the 
double  rows  have  the  same  strengthening  effect  as  the  tapering  of 
spokes.  The  hub  portion  is  assembled  as  two  separate  wheels,  so 
that  the  work  of  assembling,  as  well  as  making  the  parts,  is  slightly 
more  than  with  the  ordinary  wheel.  This  is  more  than  compensated 
for  by  the  added  strength.  It  is  but  fair  to  state  that  each  of  the 

last  two  wheels  described  is 
of  English  make. 

In  the  line  of  wood  wheels 
for  heavy  trucks,  attention 
is  again  directed  to  Figs. 
336  and  339,  the  former 
showing  the  use  of,  and 
the  latter  the  detailed  con¬ 
struction  of  an  all-wood 
wheel.  This  wheel  also  had 
wood  tires  formed  integral 
with  the  wheel,  that  is, 
wheels  and  tire  were  all 
one.  The  construction  of 
this  wheel  was  notable  for 
this  reason,  and  will  be 
described  in  detail. 

The  blocks  composing  the 
wheel  and  tire  are  of  well- 
seasoned  rock  elm,  sawed 

Fig.  361.  Double-Tired  Wood  Truck  Wheel  into  Wedge-shaped  blocks, 

with  the  fiber  lengthwise, 
which  blocks  are  glued  and  nailed  together  until  they  form  a  circle. 
They  are  then  turned  round  and  to  size  in  a  large  wood  lathe,  a 
shoulder  one-half  inch  wide  being  formed  at  the  same  time  on  each 
side  of  the  tire  2.5  inches  from  the  tire  surface.  A  heavy  steel  ring 
with  a  corresponding  shoulder  is  then  shrunk  over  the  wood 
shoulder  on  each  side  of  the  tire,  drawing  it  together  much  like  the 
ordinary  steel  tire  on  a  wood  wheel  of  a  carriage.  Bolts  are  run 
through  these  rings  and  through  the  wood  blocks  from  side  to  side 
to  prevent  the  blocks  from  splitting  sidewise.  Tq  increase  the  life  of 
this  tire,  steel  wedges  \  inch  thick  are  driven  crosswise  into  the  face 


Fig.  362.  White  Cast-Steel  Wheel 

the  tires  to  be  slipped  over  the  hub  and  held  in  place  by  a 
removable  flange  bolted  through  the  wood  to  the  fixed  flange  on 
the  opposite  side  of  the  hub. 

Cast=Steel  Wheels.  The  heavier  the  service  the  more-  unsuit¬ 
able  do  wood  wheels  become,  that  is,  spoked  wood  wheels.  For 
many  five-ton  trucks,  practically  all  seven-  and  ten-ton  trucks,  and 
nearly  all  tractors,  the  cast-steel  wheel  is  used,  either  spoked  or  solid, 
the  spoked  form  being  given  the  preference.  Fig.  362  illustrates  a 
spoked  cast-steel  wheel,  fitted  with  a  solid  tire.  The  wheel  is  cast 
with  ten  heavy  ribbed  spokes,  a  ribbed  felloe,  and  a  grooved-felloe 
surface,  into  which  the  tire  is  set. 
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of  it  2.5  inches  deep  around  the  whole  tire  about  3  inches  apart. 
These  wedges  prevent  the  tire  from  slipping,  in  fact,  act  like  an 
anti-skid  chain  and  do  not  harm  the  pavement,  being  set  flush  with 
the  surface  of  the  wood  blocks. 

It  is  said  that  one  set  of  these  tires  was  used  for  nine  months, 
at  the  end  of  which  time  they  were  still  good  for  service.  The  tires 
reach  clear  to  the  hub,  thus  doing  away  with  spokes  and  enabling 
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Steel  and  Wood  Construction.  Most  of  the  wheels  designed 
for  heavy  traffic  have  a  combination  structure  which  is  neither  wood 
nor  steel,  as  shown  in  sectional  drawing  in  Fig.  363,  assembled  in 
Fig.  364,  and  disassembled  into  its  component  parts  in  Fig.  365. 

As  the  illustrations  show,  this 
has  a  steel  tire  A,  over  a  wood 
felloe  B.  This  latter  is  con¬ 
nected  to  the  hub  P  by  means 
of  a  double  set  of  very  widely 
inclined  spokes  J.  The  spokes 
are  bolted  to  the  hub  and  its 
flanges  in  the  regular  manner, 
but  on  account  of  the  big  angle 
between  the  spokes  and  the 
felloe  at  the  outer  end,  the  spokes 
can  not  be  set  into  the  latter  in 
the  usual  way.  Instead,  each 
spoke  is  turned  up  round  as 
at  I,  and  a  metal  plate  G  is 
forced  on-  over  it  for  a  consider¬ 
able  distance,  the  upper  end  of 
these  plates  terminating  in  a 
long,  oval  flange  which  may  be 
bolted  either  directly  to  the  felloe 
or  to  a  metal  strip  C  set  into 
the  inside  of  the  felloe.  This  wheel  has  been  used  with  success  under 
a  truck  which  normally  carried  a  load  of  11  tons. 

Another  heavy  wheel  construction  is  that  in  which  the  spokes 
are  made  so  as  to  be  removable  and  adjustable  separately,  the  idea 
being  that  the  wheel  can  thus  be  kept  tight  all  of  the  time  and,  in 
case  of  an  accident,  a  single  spoke  can  be  removed  without  disturbing 
the  rest  of  the  wheel.  Such  a  wheel  is  shown  in  Fig.  366,  in  which 
the  spokes  A  are  normally  round  but  flatten  out  at  the  lower  end, 
where  they  are  formed  into  a  square  end  G,  above  which  is  formed 
a  wedge-shaped  shoulder  H.  The  upper  end  is  turned  round  and 
carries  a  sleeve  D,  threaded  internally.  On  the  inside  of  the  felloe 
is  bolted  at  regular  intervals  flanges  C,  which  have  two  oval  ends 
through  which  the  bolts  L  pass.  These  flanges  have  a  central  hole 


Fig.  363.  Motor  Truck  Wheel  of  Steel 
and  Wood 
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into  which  is  set  a  piece  E  with  a  tapered  interior  hole  and  an  external 
thread.  Since  the  exterior  of  the  spokes  taper,  this  gives  the  case 
of  two  pieces  attached  through  the  medium  of  screw  threads,  which 


Fig.  364.  Boulanger  Motor  Truck  Wheel  Assembled 


will  force  them  to  approach  or  recede  from  one  another  as  the  screws 
are  turned  one  wTay  or  the  other.  The  upper  end  of  the  inner  piece 
E  butts  against  the  felloe  and  so  can  not  rise.  This  adjustment 
necessitates  that  the  outer  member  recede  when  the  screws  are  so 


Fig.  365.  Boulanger  Motor  Truck  Wheel  Disassembled 


turned  as  to  cause  a  movement  apart.  But  as  this  outer  member 
bears  on  the  tapering  outer  surface  of  the  spoke,  it  can  not  slide  on 
that  but  must  move  downward,  taking  the  spoke  with  it.  The 
reverse  motion  would  naturally  bring  the  spoke  upward  toward  the 
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felloe.  So,  a  motion  in  one  direction  will  tighten  the  spokes  and  in 
the  other  will  loosen  them.  Taking  out  a  spoke  is  but  a  matter  of 
loosening  the  nut  until  it  will  slip  down  on  the  spoke,  and  then 
loosening  the  bolts  L  which  hold  the  flange  to  the  felloe.  If  all  of 
the  hub  bolts  have  been  loosened,  it  will  then  be  possible  to  rock 
the  spoke  enough  to  one  side  to  allow  of  taking  off  the  metal  flanges, 
etc.,  after  which  the  spoke  itself  may  be  lifted  out. 

While  the  wheels  illustrated  and  described  can  not  strictly  be 
called  standard  wheels,  they  represent  in  many  cases  advanced 


Fig.  366.  Details  of  Wood  Wheel  with  Removable  Spokes 


ideas  which  have  not  yet  been  widely  adopted.  For  these  and  other 
reasons  the  preceding  discussion,  although  not  according  to  stand¬ 
ard  practice,  is  of  interest. 

SPRING  WHEELS 

The  spring  wheel  has  found  its  application  in  both  the  pleasure 
and  commercial  fields  and  hence  will  receive  a  special  treatment. 
The  spring  wheel  represented  up  to  a  few  years  ago  the  cherished 
idea  of  the  inventor.  It  was  to  drive  the  tire  concerns  out  of  busi¬ 
ness  by  making  tires  superfluous.  In  the  majority  of  cases,  it  was 
to  put  the  wheel  maker  out  of  business,  too,  for  the  construction  was 
to  be  such  as  to  call  for  vastly  different  forms  of  wheels,  which  it 
was  thought  the  old-fashioned  wheel  makers  could  not  make.  All 
this  might  be  said  to  apply  with  equal  force  to  both  pleasure  and 
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commercial  cars — pleasure,  because  the  spring  wheel  was  to  do 
away  with  the  costly  pneumatic  tire  with  its  attendant  punctures, 
blow-outs,  etc. ;  commercial,  because  the  spring  wheel  was  to  eliminate 
its  costly  and  rapidly- wearing  solid-rubber  tires. 

Although  this  millennium  has  not  come,  some  spring  wheels 
have  attained  such  a  perfection  as  to  warrant  a  grudging  considera¬ 
tion  of  them.  It  is  diffi¬ 
cult  to  classify  them  with 
any  kind  of  clearness, 
for,  like  all  inventions, 
they  do  not  conform  to 
any  rule.  At  best,  they 
might  be  divided  as  to 
purpose  into  two  classes: 
those  wheels  which  seek 
to  eliminate  the  rubber 
tire  altogether,  substitut¬ 
ing  an  all-metal  spring 
combination,  and  those 
wheels  which  seek  to 
eliminate  only  the  pneu¬ 
matic  tire,  substituting 
solid  tires  and  some  form 
of  spring  or  yielding 
metallic  construction. 

Spring  Tread  Type. 

It  is  but  reasonable  to 
say  that  since  the  metal- 

..  ,  p  .•  Fig.  367.  B.  K.  (French)  Metallic  Spring  Wheel 

lie  contact  ol  the  tire 

surface  with  the  road  in  the  latter  case  would,  give  out  a  harsh, 
grating  sound  at  all  times,  and  a  particularly  distressing  sound  upon 
newly  made  roads,  an  esthetic  reason  has  prevented  the  progress 
of  this  type.  Lack  of  progress  in  the  commercial  field,  where  this 
type  might  see  its  greatest  service,  noise  to  the  contrary,  seems 
principally  to  be  due  to  the  fact  that  the  majority  of  inventors 
have  not  constructed  strongly  enough  for  commercial  use. 

Fig.  367  shows  a  wheel  with  spring  tread,  its  construction  mak¬ 
ing  clear  the  remarks  given  above.  In  this  form  the  spokes  and 
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felloe  are  constructed  in  the  ordinary  manner.  Upon  the  two  sides 
and  top  of  the  felloe  is  set  a  u-shaped  steel  trough,  with  a  series  of 
28  bolts  passing  through  from  one  side  to  the  other.  Over  each  pair 
of  bolts  is  sprung  an  oval  spring  of  rectangular  section.  These 
springs  take  up  but  half  of  the  width  of  the  trough,  another  series 


Fig.  368.  Complete  View  of  Lipkowsky  Spring  Wheel 


which  is  set  staggered  with  these,  occupying  the  other  half  of  the 
trough.  As  these  springs  form  the  tread  of  the  wheel,  there  would 
be  at  any  instant  two  springs  in  one  set  and  one  in  the  other  set 
in  contact  with  the  ground,  this  changing  with  a  very  slight  forward 
motion  of  the  wheel  to  one  on  the  first  side  and  two  on  the  second,  etc. 

Only  a  glance  at  this  wheel  is  needed  to  show  that  it  would  be 
heavy,  and,  therefore,  would  have  great  inertia  when  running,  mak¬ 
ing  the  car  difficult  to  stop;  that  the  springs,  if  stiff,  would  be  slow 
to  operate,  making  the  vehicle  ride  hard,  and,  if  weak,  would  be  quick 
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to  operate  and  would  allow  a  large  deflection,  in  which  case  the 
vehicle  would  roll  on  the  top  of  the  metal  channel,  thus  again  making 
it  ride  very  hard.  In  short,  the  proper  spring  tension  would  be  very 
difficult  to  determine,  and  would  be  different  for  different  weights 
of  vehicles;  the  continual  reversal  of  stresses— an  alternate  compres¬ 
sion  and  extension — would  make  the  springs  break  rapidly  if  they 
were  tempered,  and  wear  rapidly  if  they  were  not.  This  form  of 
spring  wheel  may  be  considered,  therefore,  to  have  little  merit. 

Movable=Axle  Type.  The  other  type  of  spring  wheels— those 
in  which  the  substitution  of  solid  tires  for  pneumatic  is  sought— 
might  be  divided  into  four  main  classes,  as  follows:  First,  those  in 


Fig.  369.  Close  View  of  Lipkowsky  Spring  Wheel 


which  spiral  springs  are  disposed  radially,  either  around  spokes  or 
taking  the  place  of  spokes;  second,  those  in  which  spiral  springs  are 
disposed  longitudinally  or  at  right  angles  to  the  spokes,  acting  as  a 
substitute  for  a  felloe;  third,  those  in  which  spiral  springs  of  flat  sec-  | 
tion  are  disposed  spirally  from  the  hub  to  the  felloe,  thus  taking  the 
place  of  the  spokes  and  spring  hubs;  and  fourth,  those  in  which 
the  springs  act  between  two  light  felloes,  the  inner  of  which  joins 
the  spokes  and  the  outer  of  which  carries  the  tire. 

It  might  be  said  before  going  any  further,  that  all  of  the  wheels 
to  be  described  under  this  heading  have  been  tried  out,  found  sue-  j 
cessful,  and  have  been  driven  many  thousands  of  miles,  one  type  of 
wheel  in  particular,  to  which  some  little  space  will  be  given,  having 
completed  a  trip  of  10,000  kilometers  (6,214  miles)  on  all  four  wheels 
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of  a  very  heavy  limousine  carrying  seven  passengers  across  the 
Alps  and  back.  Others  have  done  equally  well. 

Radial,  Spiral  Springs.  Of  all  the  types  mentioned,  the  form 
with  spiral  springs  disposed  radially  has  been  the  most  successful. 
This  may  be  due  to  its  construction,  or  it  may  possibly  be  due  to 
the  fact  that  when  the  wheel  is  completed,  despite  its  spring  nature, 
it  looks  like  other  wheels,  not  like  a  freak,  for  which  reason  people 
are  willing  to  give  it  an  extended  trial. 

Fig.  368  shows  the  front  wheel,  while  Fig.  369  gives  a  more 
detailed  picture,  and  brings  out  more  clearly  its  construction.  In 
Fig.  370  the  wheel  is  practically  all  dismantled,  showing  the  rim, 
the  hub,  and  a  few  of  the  springs. 

This  wheel  consists  primarily  of  a  steel  cross-shaped  spider 
with  four  arms,  attached  to  the  hub  of  the  wheel;  and  a  formed  rim 
on  which  are  provided  slots  or  grooves  for  the  ends  of  the  radial 
arms  to  slide,  as  well  as  circular  pins  for  the  spring  supports.  Between 
the  four  arms,  the  springs  are  placed,  three  between  each  two  arms, 
making  a  total  of  12  springs  per  wheel.  These  springs  are  small, 
of  the  spiral  type,  with  a  round  loop  at  the  inner  end  and  a  long  oval 
loop  at  the  upper  end. 

The  hub  is  composed  of  the  metal  hub  (in  which  are  the  axle 
bearings)  and  the  wood  hub  to  which  this  is  attached  and  which  might 
be  called  the  spring- wheel  hub.  The  first  is  a  steel  casting,  the  sec¬ 
ond  is  of  wood,  either  made  into  short  stubby  spokes  as  shown  in 
Fig.  368,  or  made  solid  like  Fig.  370.  The  spring-wheel  hub  is  made 
up  of  a  pair  of  circular  steel  disks  which  are  themselves  held  together, 
and  hold  the  radial  arms,  the  wood  hub,  and  the  springs,  through 
the  medium  of  through  bolts,  as  may  clearly  be  seen  in  Figs.  369  and 
370.  Similarly,  the  rims  are  in  two  parts,  being  bolted  together 
and  to  the  felloe  upon  which  the  tire  is  mounted.  Bolts  are  also 
provided  upon  which  the  springs  are  hung.  The  springs  themselves 
are  made  of  the  best  steel  drawn  wire,  and  are  tempered,  wdiile  the 
ends  of  the  radial  arms  are  also  tempered  just  enough  to  withstand 
the  constant  rubbing. 

Now,  as  to  the  action  under  load.  'The  radial  arms  give  the 
wheel  all  the  strength  it  possesses  in  a  sidewise  direction,  the  springs 
being  as  free  to  work  sidewise  as  up  and  down.  These  arms,  however, 
work  in  and  out  between  the  two  halves  of  the  rim  as  the  hub  unit 
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within  it  rises  and  falls.  When  the  wheel  rolls  along,  the  load  on  the 
axle  bears  down  on  the  hub  part  of  the  wheel,  compressing  the 
springs  below  the  center  and  stretching,  or  pulling  into  tension,  the 
springs  above  center.  As  the  wheel  turns,  therefore,  the  action  of 
the  springs  is  seen  to  be  an  alternate  compression  and  tension  of 


Fig.  370.  Parts  of  Lipkowsky  Spring  Wheel 


each  spring.  This,  scientists  tell  us,  is  the  most  difficult  kind  of 
loading  for  material  to  resist,  but,  in  this  particular  instance,  the 
number  of  springs  to  carry  the  load  is  large,  at  least  six  of  the 
springs  always  being  in  action — three  in  tension  and  three  in  com¬ 
pression — while  the  load  on  each  is  not  actually  great.  Some  idea 
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of  this  may  be  gained,  if  we  consider  the  car  weight  as  4,000 
pounds,  divided  two  thirds  for  the  rear  and  one  third  for  the  front 
wheels.  Dividing  again  into  half  for  the  wheels,  each  rear  wheel 
will  carry  half  of  2,666  pounds  and  each  front  wheel  half  of  1,333 
pounds.  Figuring  on  six  springs  in  action,  this  would  give  222 
pounds  per  spring  in  the  rear  wheels  and  111  each  in  the  front. 

The  springs  are  cheaply  made,  wear  well,  and  are  easily  put  in 
place  or  taken  out.  In  the  journey  over  the  Alps,  previously  men¬ 
tioned,  which  was  made  on  four  of  these  wheels,  only  three  springs 
were  replaced  after  the  journey,  two  being  springs  which  were  torn 
out  in  accidents,  and  did  not  fail  in  service. 

In  the  wheel  shown  in  Fig.  371,  something  of  the  same  prin¬ 
ciple  is  utilized,  with  this  exception,  that  there  is  a  complete  inner 


Fig.  371.  Sirdar  Spring  Wheel 

wheel  and  the  springs  act  as  their  own  guides.  There  are  eleven 
springs,  each  one  set  into  a  cup-shaped  base,  which  is  bolted  to  the 
felloe  of  the  inner  wheel.  The  springs  are  of  large  rectangular  sec¬ 
tion  and  very  stiff.  They  are  also  united  to  the  bolted-down  base 
or  flange  in  a  very  secure  manner,  since  this  holding  must  unite  the 
spring  with  the  inner  wheel  and  through  it  hold  the  outer  felloe  and 
tire  from  side  sway.  The  flanges  on  the  side  of  the  outer  felloe  are 
very  deep,  and  are  provided  with  the  same  sort  of  cup-shaped  bases, 
serving  to  give  the  spring  a  long  guide  in  the  outer  member. 
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Longitudinal  or  Tangential  Springs.  When  longitudinal  springs 
are  used  to  do  away  with  the  alternations  of  stresses  peculiar  to  the 
radially  disposed  springs,  the  appearance  of  the  wheel  is  much 
altered,  as  Fig.  372  shows.  This  wheel  consists  of  an  inner  wheel, 
having  its  own  spokes — ten  in  number — and  its  own  felloe.  To  the 
felloe  are  attached  by  means  of  bolts  V  shaped  arms,  which  hold 


one  end  of  a  series  of  spiral  springs,  the  other  end  of  each  of  the 
springs  being  held  in  a  similar  V-shaped  arm  bolted  to  the  opposite 
side  of  the  outer  felloe  carrying  the  tire.  There  are  eighteen  of  these 
springs  in  two  sets  of  nine  each.  Those  springs  which  have  their 
near  end  fastened  to  the  near  side  of  the  inner  felloe  have  the 
far  end  fastened  to  the  far  side  of  the  outer  felloe,  while  those 
attached  to  the  far  side  of  the  inner  felloe  have  the  other  point  of 
attachment  on  the  near  side  of  the  outer  felloe. 

When  the  wheel  strikes  an  obstacle,  a  twisting  action  is  set  up, 
the  outer  felloe  and  tire  moving  while  the  inner  felloe  and  axle  remain 
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stationary.  This  twisting  of  the  springs  tends  to  coil  them  tighter, 
which  results,  when  the  obstacle  is  passed,  in  the  springs  untwisting  • 
and  turning  the  outer  felloe  and  tire  backward  as  far  as  it  was  previ¬ 
ously  moved  forward.  Since,  however,  the  springs  have  a  certain 
amount  of  stiffness  in  their  coils,  and  the  wheels  do  not  rise  and  fall 
relative  to  one  another,  except  in  so  far  as  the  twisting  action  is 
concerned,  it  follows  that  considerable  shock  must  be  transmitted 
to  the  axle  and,  thus,  to  the  body  and  its  occupants.  This  wheel, 
therefore,  while  possessing  strength  to  resist  side  stresses,  does  not 
give  the  smooth  riding  qualities  so  much  desired. 

A  wheel,  very  similar  in  appearance  and  action,  but  with  the 
wood  spokes  eliminated, 
has  been  used  very  exten¬ 
sively  in  the  last  few  years 
by  the  express  companies 
and  other  big  users  of  motor 
trucks.  Starting  with  a  few 
of  them  on  front  wheels, 
they  have  saved  tires  and 
tire  money  to  such  an  extent 
that  the  companies  have 
added  more  and  more.  Next 
they  were  tried  on  rear 
wheels.  Seeing  the  good 
results  obtained  by  the  big 
companies  with  these 
wheels,  many  smaller  firms  and  tradesmen  with  only  one  or  two  trucks 
have  adopted  them.  They  take  a  small-sized  solid  tire  in  place  of  a 
very  large  pneumatic,  and  are  said  to  cut  the  tire  cost  from  one-half  up 
to  two-thirds  and  more.  While  used  mainly  for  vehicles  carrying  a 
one-ton  load,  they  have  been  tried  successfully  on  two-ton  vehicles. 

It  is  in  this  class  of  service— the  lighter  vehicles  for  smaller  firms 
— where  every  item  of  expense  must  be  watched  very  carefully  that 
the  resilient  wheel  should  show  the  best  results.  For  heavy  work, 
there  seems  little  future  for  it. 

A  form  of  wheel  which  comes  somewhere  between  the  two  just 
mentioned,  haying  some  side  strength  and  easy  riding  qualities,  while 
at  the  same  time  participating  in  part  of  the  principles  of  both  those 


Fig.  373.  Diagram  of  Action  of  Taylor  Spring  Wheel 
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described,  is  that  shown  in  Fig.  373,  which  is  a  diagram  showing  the 
construction.  This  consists  of  spiral  springs  used  not  radially  nor 
longitudinally,  but  tangentially.  Moreover,  the  springs  are  not 
attached  directly  to  the  hub,  but  to  levers  pivoted  on  an  outer  or 
false  hub.  When  an  obstruction  is  met  with,  so  that  the  tension  of 
the  springs  is  altered,  the  springs  act  upon  the  levers  and  thus  turn 
the  false  hub  about  the  real  inner  hub  by  an  amount  corresponding 
to  the  character  of  the  obstruction.  This  eccentric  motion  of  the 
outer  hub,  induced  by  the  spring  action,  takes  up  the  shock  of  the 
road  obstruction,  much  as  does  the  wheel  shown  in  Fig.  372. 

The  construction  is  such  as  to  allow  of  the  springs  being  covered 
by  means  of  a  water-tight  case,  which  will  protect  them  from  the 
elements  and  thus  lengthen  their  life.  This  is  a  good  feature  which 
is  lacking  in  all  other  wheels  thus  far  shown. 

Flat  Spiral  Springs .  The  flat  spring  bent  into  a  semicircular 
or  spiral  form  is  little  used  for  spring  wheels.  There  is  a  double 
reason  for  this;  they  lack  every  desired  quality,  unless  it  be  side 
strength.  If  stiff  enough  to  handle  considerable  loads,  they  are 
heavy,  they  are  slow  acting,  and  their  action  is  long  continued;  if 
made  light,  they  act  too  much  and  the  vibrations  are  long  drawn 
out.  Moreover,  if  few  springs  are  used,  the  breaking  of  a  single  one 
puts  the  wheel  out  of  use;  if  many  are  used,  the  wheel  becomes 
very  heavy. 

While  a  number  of  flat-steel  spring  wheels  have  been  constructed, 
both  here  and  abroad,  they  have  not  been  uniformly  successful  as  has 
been  pointed  out.  A  French  form  which  was  widely  tried  a  few  years 
ago  had  a  pair  of  sets,  each  of  six  springs,  with  a  long  curving  shape, 
one  end  attached  to  the  hub  and  the  other  to  the  rim,  while  the  leaves 
on  the  two  sides  were  set  in  opposite  directions.  The  idea  was  that 
loading  would  produce  an  eccentric  movement  of  the  rim  relative 
to  the  hub,  and  that  the  opposing  of  the  two  sets  of  leaves  would 
produce  an  absorption,  one  side  absorbing  the  tendency  to  movement 
of  the  other.  In  practice,  however,  it  did  not  work  out  and  was  a 
noisy,  hard-riding  wheel,  with  a  tendency  for  the  springs  to  break. 
These  disadvantages,  added  to  its  weight,  put  a  stop  to  its  use. 

An  American  device,  constructed  along  somewhat  similar  lines, 
but  with  all  springs  pointed  in  one  direction,  had  only  a  limited  use 
in  the  home  town  of  the  inventor  and  is  not  now  used. 
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Miscellaneous  Types.  Next  to  the  non-refillable  bottle,  the 
spring  wheel  has  attracted  more  inventors  than  almost  any  other  one 
thing.  For  years,  men  have  struggled  with  this  elastic  wheel  prob¬ 
lem,  and  mostly  without  success.  The  records  of  the  patent  office 
are  strewn  with  spring  wheels.  In  any  one  volume  of  the  patent  office 
gazette,  issued  monthly,  one  may  find  from  two  to  ten  spring  wheels 
of  various,  and  in  some  cases  weird,  designs.  It  will,  therefore,  not 
be  wise  to  attempt  to  go  further  into  the  list  of  spring  wheels  which 
have  been  designed,  constructed,  and  tried  out  at  various  times,  as 
what  has  already  been  said  covers  the  general  types. 

Of  the  fourth  class  mentioned  above,  viz,  the  form  in  which  the 
usual  rim  is  split  up  into  two  parts,  an  outer  and  an  inner,  between 
which  flat-leaf  springs  serve  to  keep  the  two  apart  and  partly  absorb 


Fig.  374.  Schuyler  Spring  Hub 


road  shocks,  no  wheel  of  this  type,  to  the  writer’s  knowledge,  has 
ever  been  constructed  and  thoroughly  tried  out  with  success.  For 
this  reason  none  of  the  numerous  wheels  in  this  •additional  class 
have  been  described. 

Schuyler  Spring  Hub.  A  substitute  for  pneumatic  tires  is 
the  pneumatic  hub  or  spring  hub,  which  is  but  another  form  of  a 
spring  wheel,  the  supposedly  resilient  member  being  concealed  within 
the  hub  in  this  case.  In  the  Schuyler  spring  hub,  Fig.  374,  there  is  a 
hub  cylinder  or  spool  A,  upon  which  are  carried  the  springs  B.  These 
are  round,  each  spring  being  compelled  to  carry  its  proportion  of  the 
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weight,  no  matter  what  the  position  of  the  spring  may  be.  The 
springs  are  proportioned  in  number  or  thickness  to  meet  the  require¬ 
ments  of  the  load  carried.  This  is  an  excellent  feature  which  is 
absent  in  many  forms  of  spring  wheels  and  hubs. 

All  of  the  springs  pass  through  the  central  collar  C,  which  when 
placed  in  the  wheel  is  directly  under  the  spokes,  so  that  the  weight 
of  the  vehicle  and  load  rides  upon  the  springs  at  this  point.  After 
the  spool  is  placed  in  the  hub,  a  plate  cap  is  screwed  on  just  tight 
enough  to  move  up  and  down  according  to  the  pressure  upon  it, 
whether  from  the  weight  of  the  machine  or  from  contact  with  the 
ground.  The  hub  cap  D  is  then  screwed  in  place,  acting  as  a  lock 
nut  to  the  plate  cap,  giving  the  wheel  a  nice  finish  and  acting  as  a 


water  and  dust-proof  cap.  A  set  of  these  wheels  with  solid  tires 
has  been  running  for  several  years  on  a  Syracuse  car  weighing  2400 
pounds  and  has  given  the  best  of  satisfaction. 

Genillon  Spring  Hub.  A  French  spring  hub  is  shown  in  sec¬ 
tion  and  end  view  in  Fig.  375.  This  consists  of  a  pair  of  coiled  springs 
EE  placed  between  the  two  members  C  and  D  in  such  a  way  that 
the  shocks  due  to  road  inequalities  are  transmitted  through  them  and 
absorbed  before  reaching  the  axle.  The  part  D  is  not  connected  to 
the  axle  of  the  wheel  B,  but  carries  the  true  axle  A  lower  down.  Its 
middle  part  surrounds  the  lower  half  of  the  wheel  axle  B,  upon  which 
the  part  C  is  fixed,  the  wheel  running  within  it  on  the  ball  bearings. 
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Fx  F 2  are  the  two  portions  of  the  hub  of  the  wheel,  showing  at  the 
right  the  brake  drum  formed  integral  with  it. 

From  this  construction  it  is  evident  that  a  road  shock  is  trans¬ 
mitted  to  the  wheel  through  the  spokes  to  the  hub  Flf  and  thus  to 
the  piece  C  in  which  the  hub  is  pivoted.  Between  this  and  the  true 
axle  A,  pivoted  in  the  piece  B ,  are  the  springs  EE,  which  absorb 
the  shocks.  That  this  is  actually  the  case  is  shown  graphically  in 
the  diagram  of  one  of  the  wheels  rolling  over  an  obstruction,  Fig.  376. 
In  this  A  A1  A2  A3  A4  is  the  true  axle  as  before,  while  B  Bx  B2  B3  B4 
represents  the  axis  of  the  wheel  as  before.  The  wheel  is  shown 


Fig.  376.  Diagrams  Showing  Action  of  Genillon  Spring  Wheel  in  Passing  Over  Obstacle 


rolling  toward  the  right  from  the  left,  and  passing  over  the  obstruc¬ 
tion  0,  these  positions  being  lettered  E  E4  E2  E3  E4. 

When  the  obstruction  is  reached  as  at  Elf  the  true  axle  continues 
in  a  straight  line,  while  the  shock  turns  the  wheel  and  its  axis  about 
the  true  axle  A  as  a  center,  the  pieces  C  and  F),  Fig.  375,  thus  assum¬ 
ing  an  inclined  position.  At  E2,  Fig.  376,  the  wheel  is  directly  above 
the  obstacle  and  the  pieces  C  and  D  have  assumed  a  vertical  position, 
the  true  axle  here  having  risen  above  the  straight,  horizontal  line 
by  a  very  small  amount,  the  balance  of  the  height  of  the  obstacle 
0  having  been  taken  up  in  the  elongation  of  the  springs  E  within  the 
hub.  Coming  down  off  of  the  obstacle,  the  previous  positions  are 
reversed,  the  successive  positions  being  E3  and  E4,  with  the  true 
axle  positions  shown  at  A3  and  A4,  while  the  positions  of  the  false 
axle  are  shown  at  the  same  time  by  the  points  B3  and  B4.  By  fol¬ 
lowing  the  progress  of  the  top  of  the  wheel  and  of  the  false  axle  B, 
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in  comparison  with  the  path  of  the  true  axle  A,  the  benefits  of  the 
springs  within  the  hub  may  be  clearly  traced. 

Like  many  another  device,  the  spring  wheel,  including  the  spring 
hub,  pneumatic  hub,  and  similar  devices,  may  be  said  to  be  in  its 
infancy.  They  are  susceptible  of  much  greater  development  than 
has  been  evident  in  the  past,  and  as  the  price  of  rubber  tires  con¬ 
tinues  to  go  upward,  while  the  quality  continues  to  come  downward, 
there  will  be  an  ever-increasing  demand  for  the  spring  wheel  or  hub 
for  pleasure  use.  For  commercial  cars,  it  is  destined  to  find  its  great¬ 
est  and  quickest  field,  for  the  commercial  car  is  a  business  proposition, 
based  on  dollars  and  cents,  not  on  comfort.  If  the  spring  wheel 
will  eliminate  the  solid  rubber  tire  with  its  annual  renewal  cost 
varying  from  $100  on  the  smaller  cars,  to  $400  and  $500  on  the  heav¬ 
iest  trucks,  it  will  be  adopted  instantly  by  all  merchants.  For  this 
reason,  it  is  well  worth  deep  investigation  on  the  part  of  inventor 
and  student. 

Modern  Status  of  Spring  Wheel.  The  more  modern  view  is  not 
that  the  solid  tire  will  be  eliminated,  but  that  a  form  of  steel  spring 
or  other  resilient  wheel  will  be  produced  which  will  have  all  the  advan¬ 
tages  of  wood  and  will,  in  addition,  so  save  the  solid  rubber  tires  that 
mileages  twice  as  great  will  be  obtained.  In  this  way,  the  tire  cost 
will  be  cut  in  half,  which  will  be  sufficient  within  the  ten-year  life  of 
the  ordinary  commercial  car  to  warrant  the  purchase  of  the  more 
expensive  wheels.  As  has  been  pointed  out  on  previous  pages,  one 
form  of  American  spring  wheel  seems  to  be  doing  this  successfully 
for  many  of  the  larger  express  companies  and  also  for  many  smaller 
users  of  trucks. 

In  the  use  of  these,  as  well  as  of  wire  wheels  for  pleasure  cars, 
the  tire  and  rim  situation  is  very  closely  woven.  No  special  form 
of  wheel  or  rim  can  be  successful  which  calls  for  a  special  tire  in 
addition,  because,  in  case  of  trouble  on  the  road,  in  a  small  town,  or 
anywhere  outside  of  the  big  cities  with  large  and  varied  sources  of 
supply,  the  users  would  not  be  able  to  replace  the  tire.  As  will  be 
pointed  out  later,  the  present  rim-and-felloe  situation,  which  might  be 
described  as  chaotic,  must  necessarily  continue  until  the  tire  situation 
is  cleared  up.  That  done — and  it  is  now  in  a  fair  way  of  being  done 
soon — the  rim  situation  will  also  be  quickly  cleared  up,  and  following 
that  the  wheel  felloes.  The  natural  fitness  of  the  various  forms  and 
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the  unfitness  of  others  to  meet  popular  demand  is  rapidly  clearing  the 
way  for  the  engineers  and  manufacturers  who  are  attempting  this 
standardization  work. 

WHEEL  TROUBLES  AND  REPAIRS 

The  removal  and  handling  of  wheels  presents  probably  the 
biggest  problems  in  connection  with  them.  True,  broken  wheels 
give  the  repair  man  a  good  deal  to  think  about,  but  the  quick  accu¬ 
rate  handling  of  jobs  in  which  a  broken  wheel  figures  depends  more 
upon  possessing  and  knowing  how  to  use  certain  equipment  than 
anything  else;  the  operations  are  so  simple  that  they  require  no 
particular  skill  or  knowledge. 

Wheel  Pullers.  In  handling  wheels  a  wheel  puller  of  some  form 
is  generally  a  necessity  ;  wheels  are 
removed  so  seldom  that  they  are 
likely  to  stick,  and  they  get  so 
much  water  and  road  dirt  that 
there  is  good  reason  for  expecting 
them  to  stick  or  to  be  rusted  on. 

This  means  the  application  of 
force  to  remove  the  wheel.  For 
this  purpose  a  wheel  puller  is 
needed,  and  a  number  of  these 
have  been  illustrated  and  described 
previously,  as  gear  pullers,  steer¬ 
ing  wheel  pullers,  etc.  Any  of 
these  devices  which  are  large 
enough  to  grasp  the  spokes  of  the 
wheel  and  pull  the  latter  outward  and,  at  the  same  time,  press 
firmly  against  the  protruding  axle  shaft,  will  do  the  work  very 
satisfactorily. 

Sometimes,  however,  while  owning  a  puller,  a  wheel  breaks 
down  on  the  road  where  this  is  not  available,  or  the  repair  man  is 
called  without  being  told  the  trouble,  so  that  he  does  not  bring  the 
puller  with  him.  In  such  cases,  the  repair  man  must  improvise 
some  kind  of  a  puller  out  of  what  he  has  on  hand.  Everyone  carries 
a  jack,  so  it  is  safe  to  assume  that  one  of  these  will  be  available  as 
well  as  some  form  of  chain.  If  a  chain  of  large  size  is  not  available, 
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tire  chains — particularly  extra  cross  links — may  be  fastened  together 
to  answer  the  purpose.  If  chain  is  lacking,  strong  wire,  wire  cable, 
or  in  a  pinch  stout  rope  can  be  substituted.  Attach  the  rope,  wire, 
or  chain  to  a  pair  of  opposite  spokes  of  the  wheel,  Fig.  377,  allowing 
usually  about  two  feet  of  slack.  Draw  the  chain  out  as  tightly  as 
possible,  place  the  jack  with  its  base  against  the  end  of  the  axle  and 
work  the  head  out  by  means  of  the  lever  until  it  comes  against  the 
chain.  Then  by  continued  but  careful  working  of  the  jack,  the 
wheel  is  pulled  off  the  axle. 

If  rope,  wire,  or  wire  cable  is  used,  it  is  advisable  to  place  a 
heavy  piece  of  cloth,  burlap,  or  something  similar  over  the  head  of 
the  jack  to  prevent  its  edges  cutting  through  this  material.  With 
rope  only  enough  slack  must  be  used  to  allow  the  jack  in  its  lowest 
position  to  be  forced  under  it;  this  must  be  done  because  there  is 
so  much  stretch  to  the  rope  itself  and  so  little  movement  in  the 

ordinary  jack,  that  the 


combination  of  rope  and 
jack  does  not  always  work 
to  advantage. 

Similarly,  the  handling 
of  heavy  truck  wheels  gives 
much  trouble  even  in  the 
garage,  for  they  are  so  big, 
heavy,  and  bulky,  that  ordi¬ 
narily  two  men  are  needed. 
One  man  can  do  the  trick 
however,  with  a  platform  or 
“dolly”  like  that  shown  in 


Fig.  378.  This  consists  of  a  platform  about  four  feet  long  by  25 
inches  wide,  fitted  with  casters  at  the  four  comers.  Inside  of  the 
central  part  are  placed  a  pair  of  wedges,  one  of  which  can  be  moved 


in  or  out  by  means  of  a  crank  handle.  To  use  this,  the  wheel  is 
jacked  up  a  little  over  two  inches  and  the  truck  slid  under.  Then 
the  movable  wedge  is  forced  in  against  the  tire  so  that  the  two 
wedges  hold  the  wheel  firmly  and  carry  all  of  its  weight.  Then 
the  casters  are  turned  at  right  angles  so  that  the  platform  and  the 
wheel  may  be  moved  off  together.  The  truck  wheel  is  removed  in 
the  usual  manner,  that  is,  with  the  aid  of  the  wheel-puller  or  such 
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other  means  as  the  garage  equipment  affords.  The  dolly  also  forms 
a  convenient  means  of  handling  the  wheel  when  it  is  put  back 
on  its  axle. 

TIRES 

Kinds  of  Tires.  Broadly  there  are  three  general  classes  of  tires, 
the  solid ,  the  'pneumatic,  and  the  combination  or  cushion.  The  solid 
tire  needs  little  comment  or  discussion  here,  being  solely  for  com¬ 
mercial  cars,  except  in  so  far  as  it  is  used  with  some  form  of  spring 
wheel,  hub  or  rim,  as  just  described.  Similarly,  the  cushion  tire  is 
mostly  used  for  electric  cars,  its  use  following  that  of  the  solid  tire. 

PNEUMATIC  TIRES 

The  pneumatic  tire  was  originally  developed  for  bicycle  use  and 
it  should  be  stated  that,  although  in  the  beginning  of  this  develop- 


Fig.  379.  Section  of  Fig.  380.  Section  of  Typical 

Dunlop  Tire  Clincher  Tire 

ment,  many  single  tube  tires,  or  “hose  pipes”  as  they  were  called, 
were  used,  this  is  no  longer  the  case,  all  of  the  tires  used  today  having 
two  parts,  the  inner  or  air  envelope  of  pure  rubber,  and  called  the 
inner  tube,  and  the  outer  or  wearing  portion,  made  of  more  or  less 
impure  or  modified  rubber,  variously  called  the  casing,  the  outer 
shoe,  and  the  envelope. 

Classification.  Considering  only  the  double-tube  types,  there¬ 
fore,  the  pneumatic  tire  may  be  divided  into  three  kinds,  the  Dunlop, 
the  clincher ,  and  various  later  forms  brought  out  to  go  with  the  detach¬ 
able,  demountable  rims  and  similar  devices.  These  latter  vary 
widely  in  themselves,  but  are  all  modifications  of  the  clincher  form 
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with  minor  differences  brought  about  by  the  difference  in  the  rims  to 
which  they  are  adapted. 

Dunlop.  The  Dunlop  tire,  so  named  after  the  Irish  physician 
who  invented  and  constructed  the  first  pneumatic  tire,  is  brought 
down  to  meet  the  rim  in  two  straight  portions,  perfectly  plain  and  of 
even  thickness.  That  is  to  say,  the  tire  has  no  bead ,  as  it  is  now 
called.  The  tire  fabric  is  brought  down  to  a  straight  edge  at  the  rim, 
as  well  as  the  rubber  covering,  as  shown  in  Fig.  379.  A  is  the  steel 


rim  of  the  wheel,  B  the  inner 
tube,  C  the  outer  shoe,  which' 
at  the  rim  or  inner  portion 
is  brought  down  to  the  two 
straight  parts  DD. 


This  tire,  like  all  of  the 
early  tires,  had  to  be  put  on 
over  the  edge  of  the  rim  by 
sheer  strength,  coupled  with 
the  flexibility  of  the  tire  when 
not  inflated.  This  was  a  hard 


Fig.  381.  Tire  Removing  Tool 


task,  and,  moreover,  as  soon  as  the  tire  was  punctured  or  otherwise 
deflated,  there  was  a  strong  possibility  of  its  being  thrown  off,  and 
possibly  lost,  at  least  after  it  had  been  stretched  on  and  off  of  the 
rim  a  few  times. 

Clincher.  To  prevent  this  latter  happening,  the  clincher  rim 
and  tire  were  brought  out,  each  being  dependent  upon  the  other. 
In  the  clincher  tire^the  fabric  is  brought  down  to  the  rim,  and  then, 
instead  of  being  left  straight  out  as  in  the  Dunlop,  the  material  is 
formed  into  a  hump  or  bead,  which  is  shaped  just  like  the  hollow 
formed  in  the  rim.  The  latter  only  differs  from  the  usual  Dunlop 
rim  in  having  this  deep  depression  to  fit  the  bead  of  the  tire.  Fig. 
380  shows  this,  in  which  the  parts  are  lettered  as  before.  In  both 
cases,  the  fabric  of  the  tire  is  sketched  in  and  it  may  be  noted  that 
the  layers  are  fewer  in  number  in  the  older  form. 

The  great  majority  of  tires  now  in  use  are  of  this  type,  although, 
like  the  original  Dunlop,  it  must  be  forced  on  and  off  of  the  rim  by 
the  stretch  of  the  deflated  tire,  and  by  sheer  strength,  coupled  in  this 
case  with  considerable  natural  ingenuity  and  some  tools  for  lifting 
the  hard  non-stretchable  beading  over  the  edge  of  the  rim  at  one 


202 


GASOLINE  AUTOMOBILES 


447 


point.  This  done,  the  rest  is  easy.  For  this  purpose  many  tools 
have  been  bought,  some  good,  some  bad,  and  some  indifferent.  After 
a  fashion,  they  all  do  the  work,  but  that  tool  is  best  which  performs 
the  operation  most  easily,  most  quickly,  and  with  the  least  damage  to 
the  tire  or  rim.  Fig.  381  shows  a  useful  tool  for  this  purpose. 

The  wire  wheel  and  demountable  rims — both  of  which  allow 
quick  road  changes  of  damaged  tires,  leaving  the  work  of  tire  repair 
to  be  done  at  home  in  the  garage  with  proper  heat,  light,  tools,  and 
materials — are  rapidly  bringing  back  into  use  the  lower-priced  clinched 
and  straight-sided  tire  forms.  Also  many  new  developments  in  the 
line  of  tools  have  made  their  removal  or  attachment  a  much  easier 
and  more  simple  task. 

Demountable  Rim  Types.  Following  the  development  of  the 
clincher  tire  and  rim  until  this  form  of  tire  was  practically  universal, 
came  the  first  forms  of  the  demountable  rims,  which  consisted  of  a 
detachable  edge  or  rim  portion,  like  the  edge  of  the  clincher  rim  in 
section.  These  were  locked  in  place  in  various  ways  in  the  different 
forms,  but  the  first  demountable  rims — they  were  called  detachable 
rims — were  made  by  cutting  the  clincher  rims  into  two  parts,  one  of 
them  detachable.  This  allowed  of  slipping  the  tire  on  over  the  rim 
in  a  sidewise  direction,  and  did  away  with  the  stretching  arid  pulling 
necessary  with  the  plain  clincher.  Since  this  was  a  tire  which  was 
detachable  more  quickly  than  the  ordinary  tire,  it  was  given  the 
name,  “Quick  Detachable”,  and  now  both  parts  are  known  to  the 
trade  as  the  Q.  D.  tire  and  rim. 

Non-Skid  Treads.  All  of  the  later  developments  in  the  clincher 
tire  have  been  along  the  line  of  studded  or  formed  treads  to  prevent 
skidding.  In  this  many  different  things  have  been  tried.  Fig. 
382  shows  sections  of  many  of  the  representative  tires  on  the  market. 
They  are  well  known  and  only  the  last  three  need  any  comment. 

Fig.  382  H  shows  the  Kempshall  (English)  tire  tread,  which  is 
built  up  of  a  series  of  circular  button-shaped  depressions  or  cups, 
which  hold  the  pavement  by  means  of  the  suction  set  up  when  they 
are  firmly  rolled  down  upon  it.  This  tire  has  been  very  successful 
in  England,  but  as  yet  has  not  been  used  much  in  this  country. 

The  Dayton  Airless  tire,  shown  in  Fig.  382 1,  is  a  bridge-con¬ 
structed  cushion  tire  in  which  the  usual  air  space  is  given  over  to  a 
series  of  stiffening  radial  pieces  of  solid  rubber,  these  with  the  tread 
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forming  the  bridge  or  truss.  Fig.  382  J  shows  the  Woodworth 
Adjustable  Tread  for  converting  the  usual  smooth-tread  tires  of 
whatever  shape  or  form  into  non-skids.  It  is  a  leather  and  canvas 
built-up  structure,  shaped  like  the  exterior  of  a  tire,  and  freely 
studded  with  steel  rivets.  When  in  place,  the  tire  has  all  of  the 
appearance  of  a  leather-tread  tire  with  steel  studs. 

Proper  Tire  Inflation  Pressures.  With  the  recent  great  increase 
in  the  value  of  rubber  and  the  price  of  tires,  the  advice  of  manu- 


Fig.  382.  Various  Types  of  Non-Skid  Tire  Treads 


facturers  on  the  subject  of  tire  wear  is  of  great  and  growing  impor¬ 
tance.  Nearly  every  manufacturer  of  tires  is  now  recommending 
a  table  of  inflation  pressures  which  agree  among  themselves  more 
or  less  closely.  In  each  and  every  case,  however,  the  makers  are 
advising  higher  pressures  than  those  generally  used,  stating  that 
the  people  do  not  pump  their  tires  up  hard  enough  to  get  the  best 
results  from  the  materials  in  the  tires.  There  should  really  be  nc 
conflict  of  interests  here  as  the  owner  should  be  as  anxious  to  get  hie 
mileage  out  of  the  tires  as  the  makers  are  to  make  good  then 
guarantees. 
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Many  makers  have  stated,  as  a  result  of  their  years  of  experience, 
that  more  tires  wholly  or  partially  fail  or  wear  out  from  under¬ 
inflation  than  from  any  other  one  cause.  It  thus  behooves  the 
owner  of  a  car  to  look  well  to  the  pressure  in  his  tires,  not  occasionally 
but  very  frequently.  As  the  majority  of  gages  attached  to  pumps 
in  public  garages  are  seriously  in  error,  each  motorist  is  advised  to 
purchase  his  own  gage — one  of  the  pocket  type  which  is  simple  and 
inexpensive — and  carry  it  with  him  at  all  times. 

In  some  cases,  it  will  be  found  that  pumping  the  tires  up  to  the 
makers’  specified  pressure  will,  result  in  unusually  hard  riding,  and 
the  motorist  must  be  his  own  judge  as  to  whether  he  wants  to  ride 
more  comfortably  and  get  less  wear  out  of  his  tires,  or  put  up  with 
the  discomfort  and  get  every  cent  of  wear  out  of  them.  In  this, 
very  few  will  choose  the  latter  course. 

Use  of  Standard  Pressure  and  Oversize  Tires.  There  is  really  a 
different  way  out.  If  the  tire  pressure  advised  by  the  maker  results 
in  too  hard  riding  for  comfort  while  comfortable  pressures  result  in 
too  much  wear,  the  motorist  is  advised  to  get  large-sized  tires. 
These  on  the  same  car  will  have  a  greater  carrying  capacity  than 
the  weight  of  the  car,  by  a  large  margin.  Just  in  the  proportion  of 
the  tire  capacity  to  the  weight  of  the  car,  will  the  pressure  recom¬ 
mended  be  to  the  pressure  utilized. 

A  simple  example  will  make  this  clear:  Suppose,  for  instance, 
a  car  weighing  3850  pounds,  equipped  with  34-  by  4-inch  tires,  for 
which  the  makers  claim  a  carrying  capacity  of  1100  pounds  per  wheel 
and  recommend  a  pressure  of  95  pounds.  If  this  pressure  be  too  high 
for  comfort,  and  lower  pressures,  say  80  or  85  pounds,  result  in  too 
rapid  wear,  the  motorist  should  use  larger  tires.  For  instance,  a 
34-  by  4|-inch  tire  is  scheduled  to  carry  1300  pounds  per  tire  and  the 
pressure  recommended  is  100  pounds.  The  car  weight  per  tire  is 
962  pounds,  say  970.  Changing  to  the  larger  tire  gives  a  capacity 
of  1300  pounds  per  wheel,  while  the  load  is  actually  but  970.  This 
change  provides  a  surplus  capacity  which  can  be  utilized  to  increase 
comfort. 

Hence,  if  the  tire  be  pumped  up  in  the  ratio  of  the  carrying 
capacity  of  the  tires  to  the  actual  weight  carried,  the  spirit  of  the 
manufacturers’  instructions  will  have  been  followed,  comfort  assured, 
and  long  life  of  the  tire  attained  as  well.  Here  the  ratio  of  the 
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capacity  to  the  weight  is  as  1300 : 970.  If  now  the  pressure  be  figured 
from  this,  using  the  100  pounds  recommended,  a  suitable  pressure 
will  be  obtained.  Thus 

1300  :  970  :  :  100  :  x 
:r  =  74.6  pounds 

The  pressure,  therefore,  in  round  numbers  will  be  75  pounds,  and 
if  this  or  any  comfortable  pressure  above  this  be  used,  only  the 
proper  amount  of  tire  wear  will  result  and  a  comfortable  riding  car 
will  be  assured. 

However,  this  proposition,  namely  changing  from  34  by  4  to 
34  by  4J  tires,  is  one  which  calls  for  entirely  new  rims,  and  possibly 
entirely  new  wheels,  or  at  least  new  felloes  because  the  bottom  diam¬ 
eter  of  the  34  by  4|  is  different  from  that  of  the  34  by  4.  In  such  a  j 
case  as  this,  the  motorist  would  gain  by  changing  to  a  still  larger  size,  j 
say  35  by  4|,  which  change  can  be  made  without  disturbing  the  old 
rims,  as  the  35  by  4^  is  an  oversize  for  34  by  4.  This  size  also  is  1 
recommended  to  carry  1300  pounds  at  100  pounds  pressure  per 
square  inch,  but  maximum  pleasure  and  comfort  will  be  obtained  . 
from  it  at  between  72  and  80  pounds. 

In  general,  the  rule  for  oversize  tires  is  this:  Oversize  tires  are 
1  inch  larger  in  exterior  diameter  and  J  inch  greater  in  cross  section 
than  the  regular  sizes,  and  any  tire  so  sized  will  fit  interchangeably 
on  the  same  rim  with  the  regular  size.  In  general,  too,  the  even-inch 
sizes  as  30,  32,  34,  etc.,  are  considered  as  the  regular  sizes,  while  the 
odd-inch  sizes  as  31,  33,  35,  etc.,  are  considered  as  oversizes.  The 
above  is  for  American  or  inch-sizes  only.  The  foreign,  or  millimeter, 
tire  and  rim  situation  is  in  an  even  worse  condition  and  changes  of 
sizes  are  difficult  in  all  cases  and  impossible  in  most. 

Changing  Tires.  In  the  matter  of  changing  tires,  care  must  be 
exercised  in  selecting  the  new  tire  of  such  a  size  as  will  fit  the  old 
rim.  A  larger  section  of  tire  of  the  same  nominal  outside  or  wheel 
diameter  would  call  for  a  smaller  rim  diameter,  meaning  a  change  in 
rims  and  possibly  wheels.  A  larger  nominal  outside  diameter  will 
change  the  speed  of  the  car  and,  if  great,  may  be  too  much  for 
the  engine,  calling  for  new  gearing  as  well.  The  following  tabular 
matter  will  be  of  interest,  for  it  gives  the  changes  in  the  metric¬ 
sized  tires  which  can  be  made  without  altering  either  wheel  or  rim, 
or  changing  the  gearing. 
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Possible  Tire  Changes 


760 

mm. 

X 

90 

mm. 

wheels 

can 

be 

altered 

to. 

. 765 

mm. 

X 

105 

mm. 

810 

mm. 

X 

90 

mm. 

wheels 

can 

be 

altered 

to. 

. 815 

mm. 

X 

105 

mm 

and  820 

mm. 

X 

120 

mm. 

840 

mm. 

X 

90 

mm. 

wheels 

can 

be 

altered 

to. 

. 850 

mm. 

X 

120 

mm. 

870 

mm. 

X 

90 

mm. 

wheels 

can 

be 

altered 

to. 

. 875 

mm. 

X 

105 

mm. 

or  880 

mm. 

X 

120 

mm. 

910 

mm. 

X 

90 

mm. 

wheels 

can 

be 

altered 

to. 

. 915 

mm. 

X 

105 

mm. 

or  920 

mm. 

X 

120 

mm. 

815 

mm. 

X 

105 

mm. 

wheels 

can 

be 

altered 

to. 

. 820 

mm. 

X 

120 

mm. 

875 

mm. 

X 

105 

mm. 

wheels 

can 

be 

altered 

to. 

. 880 

mm. 

X 

120 

mm. 

or  895 

mm. 

X 

135 

mm. 

915 

mm. 

X 

105 

mm. 

wheels 

can 

be 

altered 

to. 

. 920 

mm. 

X 

120 

mm. 

or  935 

mm. 

X 

135 

mm. 

880 

mm. 

X 

120 

mm. 

wheels 

can 

be 

altered 

to. 

. 895 

mm. 

X 

135 

mm. 

920 

mm. 

X 

120 

mm. 

wheels 

can 

be 

altered 

to. 

. 935 

mm. 

X 

135 

mm. 

These  can  be  used  without  changing  the  gearing  or  the  wheels, 
but  to  use  different  tires  without  changing  rims  is  another  matter. 
It  will,  therefore,  be  necessary  to  have  another  table  of  the  various 
tires  which  are  interchangeable  on  the  same  rim.  Of  the  makes 
which  are  fairly  international  in  character  may  be  mentioned  the 
German  “Michelin”  and  the  French  “Continental”.  The  following 
Michelin  tires  may  be  fitted  to  the  same  rim,  the  two  tires  on  the 
same  horizontal  line  being  interchangeable  in  each  case: 


Interchangeable  Michelin  Tires 


650 

mm. 

X 

65 

mm.  and 

700 

mm. 

700 

mm. 

X 

65 

mm.  and 

750 

mm. 

750 

mm. 

X 

65 

mm.  and 

800 

mm. 

800 

mm. 

X 

65 

mm.  and 

850 

mm. 

700 

mm. 

X 

85 

mm.  and 

710 

mm. 

750 

mm. 

X 

85 

mm.  and 

760 

mm. 

800 

mm. 

X 

85 

mm.  and 

810 

mm. 

860 

mm. 

X 

85 

mm.  and 

870 

mm. 

X  75  mm. 
X  75  mm. 
X  75  mm. 
X  75  mm. 
X  90  mm. 
X  90  mm. 
X  90  mm. 
X  90  mm. 


The  following  tires  of  the  Continental  make  are  interchangeable 


on  the  same  rims: 


Interchangeable  Continental  Tires 

750  X  75  (motor  cycle)  and  750  X  80  (voiturette) 

750  X  65  (motor  cycle)  and  750  X  65  (voiturette) 

800  X  75  (motor  cycle)  and  800  X  75  (voiturette) 

700  X  85  and  710  X  90  (light  and  heavy) 

750  X  85  and  750  X  90  (light  and  heavy) 

760  X  90  and  700  X  100  (light  and  heavy) 

870  X  90  and  810  X  100  (light  and  heavy) 
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910  X  90  and  910  X  100 
820  X  100  and  820  X  125 
880  X  120  and  880  X  125 
920  X  120  and  920  X  125 
815  X  105  fit  only  105  mm.  rims 

Note.  Although  the  105  mm.  tire  requires  a  special  rim,  a  90  or  100  mm.  cover  can  also  be 
fitted  on  the  same  rim  in  the  case  of  necessity. 

810  X  90  or  810  X  100  fit  on  the  105  mm.  rim 

875  X  105  fit  on  the  105  mm.  rim 

910  X  90  or  910  X  100  fit  on  the  100  mm.  rim 

895  X  135,  935  X  135,  and  1000  X  150  require  their  own  special  rims 

Speed  Changes  Due  to  Changed  Tires.  Before  leaving  the  subject, 
it  might  be  well  to  say  a  few  words  concerning  the  change  of  speed 
which  a  change  in  tire  sizes  will  make  in  a  vehicle,  this  in  some  cases 
being  so  serious  as  to  impair  the  utility  of  an  engine  formerly  found 
to  be  right  in  every  particular.  In  the  course  of  a  very  wide  experi¬ 
ence,  the  writer  has  found  this  to  be  the  case  with  many  old  cars. 
Using  the  old  small  wheels  and  tires,  the  engine  was  able  to  negotiate 
all  grades  easily  and  make  the  required  speed  at  all  times.  With 
a  change  to  larger  wheels  and  tires,  the  car  ran  faster  at  all  times 
and  gave  much  more  trouble  generally.  It  also  proved  a  poor  hill 
climber,  so  much  so,  in  fact,  that  the  owner  had  to  go  one  step  further 
and  change  the  gearing  so  as  to  give  the  old  speed  ratios  before  the 
engine  again  acted  satisfactorily. 

Recent  Tire  Improvements.  There  have  been  but  three  recent 
notable  improvements  in  tires  which  are  briefly  discussed. 

Tire  Valves.  There  have  been  several  kinds  of  troubles  with 
the  old  form  of  tire  valve.  It  was  spring  actuated,  and  the  springs 
were  so  small  as  to  cause  much  trouble;  further,  it  had  to  be  screwed 
in  place,  requiring  a  special  tool.  There  are  several  new  valve  forms 
with  more  than  one  seat,  or  an  improved  seat,  designed  to  screw  in 
with  the  fingers  and  to  offer  little  or  no  resistance  to  inflation. 

Inner  Tubes.  Improvement  has  been  made  in  inner  tubes 
by  the  use  of  better  and  purer  rubber  in  much  thicker  sections. 
Some  of  these  have  a  partial  fabric  reinforcement;  others  are  made 
and  then  turned  inside  out  so  that  the  tread  portion  is  under  com¬ 
pression,  thus  resisting  punctures  or  internal  pressure.  Other 
designs  present  a  tube  larger  than  the  inside  of  the  tire  before  infla¬ 
tion;  this  produces  a  truss  formation  of  the  rubber,  which  the  air 
pressure  stiffens. 
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Cord  Tires.  The  real  improvement  of  value,  however,  is  the 
cord  tire.  One  form  of  this  is  shown  in  partial  section  in  Fig.  383. 
This  shows  graphically  that  the  difference  between  this  tire  and 
other  forms  is  that  the  4  to  6  or  more  layers  of  fabric  have  been 
replaced  by  two  layers  of  diagonally  woven  cord.  This  cord  is 
.continuous,  rubber  impregnated,  rubber  covered,  and  through  its 


Fig.  383.  Section  of  Goodrich  Silvertown  Cord  Tire,  Showing  Inner  Construction 


size,  allows  a  great  and  very  even  tension.  Lessening  the  amount 
and  thickness  of  the  fabric  has  given  a  greater  percentage  of  rubber 
in  the  tire,  consequently,  the  cord  tire  is  more  resilient.  The  advan¬ 
tages  claimed  for  it  are:  Less  power  used  in  tire  friction,  which  means 
more  power  available  for  speed  and  hill  climbing;  greater  carrying 
capacity  in  same  size;  saving  of  fuel;  greater  mileage  per  gallon  of 
fuel;  additional  speed;  quicker  starting;  easier  steering  thus  less 
driving  fatigue;  greater  coasting  ability;  increased  strength;  and 
practical  immunity  from  stone  bruises  due  to  superior  resiliency. 

RIMS 

Kinds  of  Rims.  Nearly  all  rims  are  of  steel  or  iron,  but  rims 
vary  greatly  as  to  types.  The  writer  has,  therefore,  chosen  only  a 
few  of  the  well-known  ones,  no  preference  being  shown  in  this. 

Rims  will  be  taken  up  in  the  order  of  their  development.  Natu¬ 
rally,  the  first  rims  were  of  the  plain  type,  while  the  latest  are  of  the 


454 


GASOLINE  AUTOMOBILES 


demountable,  remountable,  or  removable  types,  all  these  being  very 
much  the  same.  Between  the  two  came,  first ,  the  clincher  rim, 
which  is  properly  a  plain  rim;  and  second ,  the  quick-detachable  rim. 

Plain  Rims.  The  form  of  rim  first  used  was  naturally  the  solid 
type  shown  with  the  Dunlop  tire-in  Fig.  379.  This  form  is  a  simple 
endless  band  with  two  edges  just  high  enough  to  prevent  the  tire 
from  coming  off  sideways,  when  it  has  once  been  stretched  in  place. 
Nothing  like  it  is  used  today,  the  nearest  approach  being  the  form 
of  rim  used  with  single-tube  bicycle  tires. 

Clincher  Rims.  Clincher  rims  were  brought  out  primarily  to 
avoid  the  weaknesses  of  the  Dunlop,  viz,  a  weakness  at  the  base, 


Fig.  384.  Putting  on  a  Q.  D.  Tire.  Fig.  3S5.  Putting  on  a  Q.  D.  Tire. 

The  Start  Forcing  Flange  Over  Rim 

and  hence  it  had  an  unusually  heavy  bead.  Another  fault  which 
this  tire  remedied  was  the  tendency  under  high  pressure  for  the  tire 
to  draw  away  from  the  rim.  This  was  avoided  by  the  edge  of  the 
clincher  being  made  fairly  wide  where  it  was  designed  to  go  into  the 
pocket  or  groove  formed  by  the  contour  of  the  rim. 

It  is  the  depth  of  this  pocket  or  groove  and  the  corresponding 
size  of  the  edge  of  the  bead  on  the  tire,  both  excellent  qualities,  which 
make  the  tire  hard  to  put  on  and  take  off.  This  may  be  seen  from 
the  previous  illustrations  of  clincher  tires,  notably  Fig.  380. 

Quick=Detachable  Tire  Rims.  It  was  this  inherent  difficulty 
of  handling  the  clincher  tire  and  rim  which  brought  about  the  quick- 
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detachable  tire.  This  did  not  differ  from  the  clincher  tire  in  the 
tire  portion,  the  difference  being  in  the  rim,  which  has  one  curved 
portion  made  in  removable  form,  with  a  locking  ring  outside  of  it  or 
made  integral  with  it.  In  some  quick  detachables  the  rim  is  expanded 
by  a  special  tool  and  a  spacing  piece  set  into  place,  which  holds  the 
edge  expanded.  When  this, is  done,  the  ring — for  it  is  a  simple  ring 
with  special  ends — is  held  in  place  until  released  by  the  use  of  the 
special  tool.  On  the  end  of  the  ring  there  are  two  little  square  lugs 
which  project  downward  and  have  a  hook  shape.  The  one  edge  of 

the  rim — made  flat  and  straight  on  that 
side — has  a  slot  with  staggered,  rec¬ 
tangular  ends  into  which  these  lugs  fit. 
It  requires  force  to  spring  the  rings 
together  so  the  lugs  will  go  into  the 
slots,  but  once  in  place,  the  natural 
springiness  of  the  ring  holds  them  firmly 
in  place,  holding  the  tire  as  well. 

Figs.  384,  385,  and  386  are  given 
to  show  how  this  ring  is  put  in  place 
on  a  tire.  Fig.  384  shows  the  begin¬ 
ning  of  the  operation,  and  the  instructions  for  the  different  steps  will 
make  them  clear.  Thus: 

Always  start  with  left  end  of  the  ring.  Lock  this  in  the  rim  as  shown  in 
Fig.  384,  so  that  the  end  of  the  ring  is  flush  with  the  slot  provided  for  the  second 
end.  A  dowel  pin  is  provided  to  register  the  ring  in  the  proper  place.  This  must 
always  he  correctly  centered  or  the  ring  cannot  he  applied.  .  This  done,  the  balance 
of  the  ring  can  be  forced  over  the  flange  of  the  rim,  as  shown  in  Fig.  385,  with  the 
exception  of  the  locking  end.  By  means  of  the  tool,  the  last  locking  end  can  be 
raised  and  forced  over  the  rim  into  the  recess  provided  for  holding  same  in  position 
preparatory  to  drawing  the  ends  together,  see  Fig  386,  showing  correct  position 
of  tool. 

Then  by  entering  the  two  points  of  the  tool  in  the  holes  provided  in  the 
ring,  the  ends  may  be  drawn  together,  as  shown  in  Fig.  386,  and  with  a  slight 
additional  leverage  the  ends  of  the  rings  can  be  made  flush. 

Before  proceeding  further,  it  should  be  stated  that  the  object  of 
the  Q.  D.  rim  is  the  quick  removal  of  the  tire,  in  order  to  allow  a 
quick  repair  or  substitution  of  the  inner  tube.  On  the  other  hand, 
the  object  of  the  demountable,  remountable,  removable,  and  other 
rims  is  the  removal  with  the  tire  of  the  rim  itself  to  allow  the 
substitution  of  a  new  tire  and  rim,  the  tire  being  already  inflated  and 


Fig.  386.  Putting  on  a  Q.  D.  Tire. 
The  Locking  Ring 
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ready  for  use  as  soon  as  applied.  The  object  of  the  removable  wheel 
is  the  removal  of  the  entire  wheel  with  rim  and  tire  in  order  to 
substitute  a  spare  wheel  with  already  inflated  tire. 

It  might  be  thought  that  these  methods  called  for  the  carrying  of 
extra  weight,  but  the  amount  added  is  actually  very  small,  for  by  their 
use  tire  tools  and  pump  are  dispensed  with  and  their  weight  saved. 

Fig.  387  shows  the  former  Goodyear  rim.  This,  as  will  be 
noted,  is  of  the  Q.  D.  type,  the  idea  being  to  remove  the  tire  only. 
The  rim  itself  has  a  button-hook  shape  with  a  slight  ridge  or  projec¬ 
tion  answering  to  the  handle.  This  is  on  the  fixed  side,  the  inner 
flange  inside  of  the  tire  butting  against  it  as  a  stop.  The  tire  is  pushed 
over  against  this,  being  held  on 
the  outside  by  a  second  flange 
of  similar  shape.  The  latter,  in 
turn,  is  fixed  in  place  by  a  lock¬ 
ing  ring,  a  simple  split  circular 
ring  of  deep  oval  section.  This 
fits  into  the  button-hook  por¬ 
tion,  its  contour  being  such  as 
to  fit  it  exactly.  In  use,  it  is 
sprung  into  place,  the  outer 
edge  of  the  hook  on  the  rim 
and  the  natural  spring  of  the 
ring  preventing  it  from  coming 
out.  This  makes  a  very  simple 
and  serviceable  Q.D.  rim.  To 
make  doubly  certain  that  the 
locking  ring  can  not  jump 
out,  a  spreader  plate  is  at¬ 
tached  to  the  valve  stem;  screwing  this  down  into  place  wedges 
the  bead  of  the  tire  over  against  the  outer  flange,  which  in  turn  pushes 
the  locking  ring  tight  against  the  outer  curved  part  of  the  hooked  rim. 
When  in  this  locked  position,  the  upper  part  of  the  flange  hangs  over 
the  locking  ring,  so  that  it  cannot  rise  vertically,  the  only  manner 
in  which  it  could  come  off.  This  rim  is  shown  with  a  detachable 
tire  in  position,  but  may  be  used  with  any  standard  clincher  tire  by 
the  use  of  extra  clincher  flanges.  Fig.  388  shows  the  rim  with  a  set 
of  these  flanges  in  position,  ready  to  take  a  standard  clincher  tire. 
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Q.  D.  Number  2.  Figs.  389  and  390  show  the  standard  Q.  D. 
rim,  now  known  as  No.  2.  This  was  adopted  by  the  Association  of 
Licensed  Automobile  Manufacturers  as  a  standard  and  given  the 
above  name.  It  has  the  feature  of  accommodating  all  regular  clincher 
or  Dunlop  tires.  In  Fig.  389  it  is  shown  at  A  ready  for  a  clincher  tire 
and  at  B  ready  for  a  Dunlop  tire,  a  solid  rubber  filling  piece  being  used 
to  fill  up  the  deep  groove  in  the  clincher  rim  shape  on  the  inside,  while 

the  flange  is  turned  over  on  the 
outside,  the  contour  of  the  outer 
portion  being  such  as  to  corre¬ 
spond  exactly  to  the  exterior 
of  Dunlop  tires. 

The  two  parts  of  Fig.  390 
show  sections  of  tires  in  place, 
making  clear  the  exact  use  of  this  reversible  flange.  A  shows  a  regular 
clincher  tire  in  place,  while  B  reveals  the  reversed  flange  in  place  with 
a  Dunlop  tire.  Both  Fig.  389  and  Fig.  390  show  the  construction  of 
the  device,  the  outer  dropped  portion  of  the  rim  having  a  hole  through 
it.  The  locking  ring  is  split  vertically  and  one  end,  just  at  the  split, 
carries  a  projection  or  dowel  pin  extending  downward.  To  put  the 
rim  on,  this  dowel  pin  must  be  fitted  into  the  hole  in  the  rim  to  give 


a  starting  place.  When  this  has  been  done,  one  may  force  the  bal¬ 
ance  of  the  ring  into  place  around  the  wheel  with  any  suitable,  thin, 
wedge-shaped  tool. 

The  shape  of  this  locking  ring  with  a  right-angled  groove  in  its 
inner  edge  permits  the  outer  flange  to  overlap  it,  which  insures  the 
retention  of  the  ring,  when  once  it  has  been  put  in  place.  Further¬ 
more  it  gives  the  outer  side  flange  a  wider  seat  on  the  rim,  thus  mak¬ 
ing  it  more  stable  and  longer  wearing. 

As  will  be  noted,  the  difference  between  these  two  rims — that  is, 
the  old  Goodyear  and  the  Universal  No.  2 — lies  in  the  saving  of  one 


458 


GASOLINE  AUTOMOBILES 


ring  and  the  shape  of  the  locking  ring.  Both  of  these  are  called 
universal  rims  because  they  may  be  used  interchangeably  for  straight- 
side  and  clincher  types  of  tire.  Other  Q.D.  Universals  are  shown  in 
Fig.  391,  although,  in  the  opinion  of  tire  men,  the  Universal  form  is 
slowly  going  out  of  use. 

To  explain  these  briefly,  No.  1  is  a  modification  of  the  Goodyear 
with  different  shaped  inner  rings,  while  the  locking  ring  and  the  lip 
formed  in  the  felloe  band  to  receive  it  are  similar  to  those  of  Univer¬ 
sal  No.  2.  In  2  the  only  difference  from  1  lies  in  the  locking  ring, 
which  has  a  modified  Z  section,  with  a  lip  extending  over  the  outer 
edge  of  the  felloe  band.  The  third  section  differs  from  the  other  two 
only  in  having  the  outer  ring  and  locking  ring  combined  into  one,  and 
the  felloe  band  changed  to  suit  this.  This  combination  ring  is  held  in 
place  by  means  of  a  simple  swinging  latch,  which  is  shown  open  and 


Fig.  390.  Universal  Q.  D.  Rim  with  Tires  in  Place 


closed  in  Fig.  392.  When  opened,  this  permits  raising  the  end  of  the 
ring,  to  which  the  shape  of  the  felloe  band  offers  no  resistance.  The 
whole  inner  ring  is  taken  off,  following  around  the  circumference  of 
the  wheel,  after  which  the  tire  is  easily  removed. 

Q.  D.  Clincher  Forms.  To  return  to  the  plain  clincher  tire  and 
the  Q.D.  rim,  which  allows  of  its  ready  removal,  Fig.  393  shows  four 
of  the  most  prominent  forms,  these  being  indicated  simply  as  flat 
sections  of  the  rim,  for  the  tire  is  the  same  in  all  cases.  All  these  have 
the  simple  clincher  edge  on  one  side,  with  removable  ring  and  locking 
device  on  the  other.  That  at  1  has  the  same  locking  device  shown  at 
2  in  Fig.  391,  the  Z-shaped  ring  extending  over  the  edge  of  the  band. 
That  at  2  is  practically  the  same  as  3  in  Fig.  391.  The  one  seen  at  3 
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is  similar  to  that  at  2  except  for  the  detailed  shape  of  the  ring  as  well 
as  of  the  lock,  not  shown.  The  advantage  of  the  form  shown  at  4  is 
that  the  Outer  ring  is  self-locking,  that  is,  the  shape  of  ring  and  band 
are  such  that  wThen  the  former  is  in  place,  the  tire  itself  locks  it.  Its 
only  disadvantage  is  that  it  is  harder  to  operate  than  the  other  forms, 

yet  despite  this  fact  it  has  been 
recommended  for  general  adop¬ 
tion  as  the  only  type  of  Q.D. 
clincher  rim  worth  continuing. 

Q.D.  Type  for  Straight  Sides . 
To  close  the  subject  of  straight 
side  tires,  the  rims  of  the  quick- 
detachable  form  now  in  use 
aside  from  those  already  shown 
are  seen  in  Fig.  394.  Here  these 
are  seen  to  be  identical  with  1 , 
2,  and  4  of  Fig.  393,  except  that 
the  fixed  side  is  arranged  for  a 
straight  side  instead  of  being 
made  with  a  clinch.  Here  again,  the  last  form  of  self-locking  type 
has  been  recommended  as  a  standard. 

Demountable  Rims.  All,  or  practically  all,  demountable  rims 
come  under  one  of  two  headings  those  in  which  the  tire  can  be 


Fio-  392.  Latch  Used  for  Locking  Single  Combination  Ring  which  Replaces  Former 
Side  Ring  and  Locking  Ring 

detached  on  the  wheel  without  demounting  (if  it  is  so  desired),  and 
those  which  are  of  the  transversely  split  type  and  must  be  demounted 
before  the  tire  can  be  removed.  In  addition,  there  is  a  second  division 
of  demountable  rims  into  those  which  have  a  local- wedge  form  of 
attachment  and  those  which  have  a  continuous  holding  ring,  this  in 


V///////////////////// ////// //////// 


Fig.  391.  Sections  through  Three  Popular 
Q.  D.  Universal  Rims 
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turn  being  held  by  means  of  local  wedges.  Any  of  the  plain  demount¬ 
ables,  which  will  be  called  demountables  from  now  on,  may  be  of 


Fig.  393.  Popular  Forms  of  Q.D.  Clincher  Fig.  394.  Three  of  the  Most  Widely  Used 
Rims,  Shown  in  Sections  Straight  Sine  Q.D.  Rims 


either  type  of  attachment,  as  is  also  the  case  with  the  first-named  or 
demountable-detachables . 

Local-Wedge  Type.  In  the  so-called  local-wedge  type  which 
includes  the  well  known  Continental  forms  (notably  Standard 
Universal  Demountable  No.  3  and  Stanweld  Nos.  22  and  30), 


Michelin,  Empire,  Baker,  Detroit,  Prudden,  Standard  Universal 
Demountables  Nos.  1  (formerly  the  Marsh)  and  2,  and  others, 
loosening  the  six  (or  eight,  as  the  case  may  be)  bolts  frees  the  rim 
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Fig.  396.  Two  Popular  Demountable  Rim  Forms — 
of  Clincher  Tires  Above,  for  Straight-Side  Below 


directly  without  further  work. 
In  some  of  these,  such  as  the 
Michelin,  the  various  Conti¬ 
nentals,  including  Stan  weld  22 
and  30,  Detroit,  Baker,  and 
others,  the  wedges  carry  a  pro¬ 
jecting  lip,  which  makes  it 
necessary  to  unscrew  the  nuts 
far  enough  to  allow  the  re¬ 
moval  of  the  wedge  so  as  to 
pick  this  lip  out  from  under  the 
tire-carrying  rim.  In  others, 
such  as  Empire,  S.  U.  Nos.  1 
^  )  and  2,  the  construction  of  the 
wedge  and  rim  is  such  that 
loosening  them  frees  the  rim, 
the  upper  part  of  the  wedge 
or  clip  swinging  down  to  the 
bottom  position  as  soon  as 
loosened,  because  of  its  heavier  weight  and  the  fact  that  there  is  no 
projecting  edge  to  prevent  it.  While  this  latter  construction  makes 

a  faster  operating  rim,  it  is  an 
open  question  as  to  whether 
it  is  as  safe  as  the  other  form. 
These  two  constructions  are 
shown  very  plainly  in  Fig.  395, 
in  which  A  is  the  Michelin 
with  lipped  wedges  and  B  the 
Empire  with  plain  wedges. 

In  Fig.  396  is  shown  a 
pair  of  additional  demount- 
ables,  which  are  held  by  the 
local-wedge  method,  the  differ¬ 
ence  here  being  in  the  form  of 
wedge.  Note  that  1  has  a  solid 
clincher  rim  and  2  a  straight 
side  rim.  The  base,  however, 
is  the  same  for  both  and,  as 
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Fig.  398.  The  First  Operation  in  Removing  Baker 
Demountable — Loosening  the  Bolts 


will  be  seen  by  examining  this,  has  two  curves  in  its  upper  surface, 
the  straight  side  rim  fitting  into  the  lower  or  bottom  one,  while  the 
clincher  form  of  rim  fits 
into  the  upper  one.  Note, 
also,  that  the  wedges  are 
the  same  for  these  two. 

This  makes  the  demount¬ 
able  parts  of  the  rim 
practically  universal,  in 
that  the  owner  can 
change  from  clincher  to 
straight  side  or  vice  versa 
by  simply  purchasing  the 
extra  set  of  tire-carrying 
rims,  no  change  in  the 
wheels  or  means  of  attach¬ 
ment  being  necessary. 

For  this  reason,  the  felloe 
band  shown  under  these 
two  rims  has  been  suggested  as  a  standard  for  demountables. 

Process  of  Changing  Baker  Local-Wedge  Type.  In  Fig.  397  is 
shown  the  Baker,  which, 
as  mentioned  previously, 
is  of  the  local  wedge  type 
of  demountable,  having 
a  transversely  split  rim 
which  must  be  removed 
from  the  wheel  before  the 
tire  can  be  taken  off  of 
it.  Perhaps  this  whole 
action  will  be  shown  more 
clearly  by  the  progressive 
series  of  views,  Figs.  398 
to  408,  which  show  the 
various  steps  in  removing 
and  replacing  a  tire  and 
tube  mounted  on  a  Baker 
rim,  the  same  as  is  shown  in  section  in  Fig.  396.  First,  all  the  wedge 


Fig.  399.  Second  Baker  Demounting  Operation- 
Jacking  the  Wheel  and  Starting  to  Pry  off  Rim 


GASOLINE  AUTOMOBILES 


463 


Fig.  400.  Third  Baker  Operation — Putting  on  New  Tire 
and  Lowering  Wheel 


bolts  except  the  two  nearest  the  valve  stem,  one  on  either  side,  are 
loosened  by  means  of  the  special  brace  until  the  wedges  swing  out  and 

down,  as  shown  in  Fig. 
398.  As  mentioned  pre¬ 
viously,  this  means  quite 
a  little  loosening,  for  the 
wedges  have  a  long  lip, 
which  projects  under  the 
tire-carrying  rim.  When 
this  has  been  done,  and  as 
each  one  swings  down  out 
of  the  way,  it  is  tightened 
just  enough  to  prevent 
the  wedges  from  swinging 
back. 

This  done,  the  wheel 
is  jacked  up  off  the  ground 
as  shown  in  Fig.  399,  and 
the  point  of  the  tire  tool  is 
inserted  between  the  felloe  band  and  the  rim  carrying  the  tire  at  the 
point  opposite  the  valve,  where,  it  will  be  remembered,  the  wedges 
were  loosened,  and  the  rim  will  be  almost  free.  By  prying  the  tire¬ 
carrying  rim  outward  and 
working  around  it  toward 
the  valve  and  back  again, 
it  will  finally  be  loosened 
to  a  point  where,  with  the 
valve  at  the  bottom,  the 
rim  and  tire  can  be  slipped 
off  without  lifting  it.  The 
extra  the  and  rim  are  now 
put  in  place. 

This  is  shown  in  Fig. 
400,  where  the  reverse  of 
the  operations  shown  in 
Fig.  399,  and  just  de¬ 
scribed,  is  followed.  That 
Fig.  401.  Fourtthhe  Ne^Sre^dlim11^8  Bolts  on  is,  the  valve  stem  hole  is  re- 
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Fig.  402.  Fifth  Operation — Starting  to  Take 
the  Rim  out  of  the  Tire — Beginning 
to  Pry  Short  End 


Fig.  403.  Sixth  Operation — Forcing  Down  the 
Short  End  of  Rim 


Fig.  404.  Seventh  Operation — Prying  under 
the  Loose  End  of  Rim 


Fig.  405.  Eighth  Operation — Raising  the  Free 
End  of  Rim,  Using  Both  Hands 


Fig.  406.  Ninth  Operation — Inserting 
Valve  Stem  and  Beads  in 
End  of  Rim 


Fig.  407.  Tenth  Operation — Prying  Tire 
Away  from  Rim  to  Let  Latter 
Slip  into  Place 
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volved  to  the  top,  the  valve  stem  inserted,  the  rim  pressed  into  place 
all  around,  then  the  wheel  is  revolved  until  the  valve  stem  comes 
to  the  bottom,  so  that  the  two  wedges  which  have  not  been  loosened 
are  nearest  the  ground.  Then  the  jack  is  let  down  and  removed,  the 
whole  weight  of  the  wheel  coming  on  the  bottom  point,  where  the 
wedges  are  already  tight,  never  having  been  loosened. 

This  action  is  necessary  as,  with  the  weight  on  the  other  points 
where  the  wedges  are  still  loose,  it  would  be  necessary  to  work  against 
the  car  weight;  At  this  point,  as  Fig.  401  shows,  the  nuts  are  loosened, 


using  the  special  brace  of  course, 
until  the  wedges  can  be  inserted 
under  the  rim.  This  done,  the 
nuts  are  tightened  to  hold  them 
there.  This  tightening  is  con¬ 
tinued  until  the  little  studs  or 
lips  in  the  rim  rest  on  top  of  the 
outside  edge  of  the  felloe  band, 
using  the  tire  tool  to  force  them 


Fig.  408.  Eieventh^Operation— inserting  jn  jf  necessary.  The  new  tire 

is  supposedly  carried  ready  for 
use — that  is,  inflated  to  the  proper  pressure — so  that  these  four 
actions  complete  the  work  of  making  a  roadside  change. 

When  it  is  desired  to  repair  the  tire  which  has  been  removed, 
it  is  carried  home  on  its  rim  just  as  taken  off  the  car  wheel,  and  the 
rim  is  removed  from  the  casing  as  follows:  Rim  and  tire  are  laid 
flat  on  the  garage  floor,  as  shown  in  Fig.  402,  so  that  the  outer  end 
of  the  diagonal  cut  in  the  inside  of  the  rim  which  is  farthest  from  the 
valve  stem  is  uppermost.  An  inside  plate  will  be  found  on  the  rim 
which  covers  the  two  rivet  heads  on  either  side  of  the  cut  with  a 
central  hole  for  the  valve  stem.  This  plate  is  called  the  anchor  plate 
and  must  be  removed.  To  do  this,  begin  at  the  short  end  of  the  rim, 
which  does  not  have  the  valve  stem — for  in  this  position  it  will  be 
held  in  the  long  end — and  insert  the  sharp  end  of  the  tire  tool  or  a 
screwdriver  under  the  bead  of  the  tire  or  between  the  bead  and  the 
rim,  forcing  the  latter  away  toward  the  open  inside  and  downward  at 
the  same  time. 

These  two  actions,  as  shown  in  Fig.  403,  bring  the  two  short 
sides  of  the  rim  closer  together  and  thus  reduce  the  diameter.  When 
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the  extreme  end  has  been  freed  in  this  way,  the  operation  is  repeated 
some  5  or  6  inches  farther  around,  that  is,  that  much  farther  away 
from  the  slit.  This  done,  a  considerable  portion  of  one  end  will  be 
free.  Then  turn  the  rim  and  tire  over  so  that  this  free  part  comes  at 
the  top  instead  of  at  the  bottom  and,  standing  on  the  part  which  is 
still  tight,  insert  the  tire  tool  beneath  the  rim  and  between  it  and  the 
entire  tire. 

This  frees  the  entire  end,  but,  to  make  sure,  the  tool  must  be 
slid  along  a  little  farther  so  as  to  free  more  of  it.  When  enough  has 
been  freed  to  allow  grasping  it  with  both  hands,  as  shown  in  Fig.  405, 
the  tool  is  dispensed  with  and,  taking  a  firm  grip  on  the  rim,  at  the 
same  time  standing  on  the  tire  at  the  point  where  tire  and  rim  still 
contact,  pull  upward  strongly.  When  followed  all  the  way  around 
this  pulls  the  rim  entirely  out  of  the  tire. 

Having  the  casing  and  tube  free,  they  may  now  be  inspected  and 
repaired.  When  this  is  done,  or  if  it  is  not  done  and  a  new  tire  or  tube 
or  both  are  used,  the  worker  is  ready  now  to  replace  the  rim.  This  is 
practically  the  reverse  of  the  method  just  followed  out.  As  shown  in 
Fig.  406,  the  rim  is  laid  on  the  floor;  then  the  end  is  raised  which  has 
the  valve-stem  hole  drilled  in  it  and  the  valve  stem  inserted.  Next 
the  beads  are  pulled  into  the  rim,  it  being  necessary  to  press  them 
together  somewhat  tightly  in  order  to  do  this,  but  with  a  little  prac¬ 
tice  it  soon  becomes  an  easy  matter.  All  this  is  done  with  the  other 
part  of  the  rim,  the  free  end,  which  is  inserted  last  and  removed  first, 
underneath  the  tire. 

The  inserted  end  of  the  rim  is  followed  around  with  the  thin 
end  of  the  tire  tool,  as  shown  in  Fig.  407,  the  position  of  the  tire 
above  the  rim  allowing  the  workman  to  stand  on  it  and  thus  use  his 
weight  to  press  the  two  sides  of  the  tire  together  and,  at  the  same 
time,  to  force  them  into  the  rim.  This  operation  is  followed  right 
around  the  inside  circumference  of  the  tire,  the  free  or  short  end  of 
the  rim  being  the  last  part  to  enter.  On  account  of  the  shape  of  the 
joint  or  cut  in  it,  this  should  slip  readily  into  its  proper  place,  but  if 
it  does  not,  the  thin  end  of  the  tool  can  be  used  to  pry  it  into  place, 
or  a  hammer  can  be  used  on  the  longer  side  in  order  to  drive  it  in. 

Lastly,  the  rim  being  fitted  snugly  into  place  all  around,  the 
anchor  plate  is  inserted  to  prevent  the  short  end  slipping  out  again, 
and  the  tire  is  ready  for  inflation.  If  it  is  to  be  carried  as  a  spare,  the 
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Courtesy  of  Standard  Welding  Company,  Cleveland,  Ohio 


dust  cap  should  be  screwed  into  place  over  the  valve  stem,  so  as  to 
preserve  the  threads  which  may  be  damaged  in  handling  if  they  are 
not  covered. 

Rim  with  Straight  Split.  This  covers  the  action  of  practically  all 

the  demountables  in  which 
the  transversely  split  rim  is 
used,  necessitating  the 
removal  of  the  rim  and  tire 
from  the  wheel  before  the 
tire  can  be  taken  off  the  rim. 
However,  not  all  rims  are 
split  on  a  diagonal  as  is  this 
one,  and  Fig.  409  is  presented 
to  show  this  single  feature  on 
another  rim,  which  otherwise 
is  somewhat  similar.  Here 
the  rim  is  split  at  right  angles, 
having  a  plain  thin  rectan¬ 
gular  plate  A  attached  to 
the  free  end,  or  that  which 
is  removed  first,  while  the 
other  end  has  a  swinging  flat 
tapered  plate  with  a  cam¬ 
shaped  end,  B,  the  action  of 
which  is  to  expand  the  rim  to 
its  fullest  diameter  and  lock 
it  there.  In  the  figure,  1 
shows  it  locked — that  is,  with 
the  rim  expanded  as  it  would 
be  when  in  use  and  just  after  it 
had  been  removed  for  replace¬ 
ment.  When  the  rim  is  to 
be  removed  from  the  tire, 
this  tapered  plate  or  latch  B 
is  swung  out  of  the  way,  as 
shown  at  2,  when  the  catch 
C,  which  holds  the  two  ends  together,  can  be  opened  by  lifting  the 
tire  with  this  portion  at  the  bottom  and  then  dropping  it  a  couple 
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of  times.  This  done — and  usually  this  action  will  be  accompanied 
by  the  free  end  springing  inside  the  fixed  end — continuation  of  the 
removal  is  an  easy  matter.  The  rim  shown  is  the  Stanweld  20. 

Comparison  of  Continuous  Holding  Ring  Type  with  Local-Wedge 
Type.  To  return  to  demountable-detachable  rims,  these  may  and  do 
include  a  number  of  those  quick-detachable  forms  previously  shown 
and  described.  In  Fig.  410  a  pair  of  typical  forms  is  shown,  that  at 

1  being  fitted  for  a  clincher  tire,  while  that  at  2  is  for  a  straight  side. 
Looking  at  the  detachable 
part  of  the  rim,  number  1  will 
be  recognized  as  that  pre¬ 
viously  shown  at  3,  Fig.  391, 
where  it  was  described  as  a 
universal  rim,  the  inversion 
of  the  two  rings  converting  it 
from  a  clincher  to  a  straight 
side,  or  vice  versa.  Similarly, 

2  will  be  recognized  as  the 
form  of  detachable  shown 
at  3  in  Fig.  394. 

Here,  however,  both  are 
fitted  to  be  used  as  demount- 
ables,  this  being  accomplished  by  the  formation  on  the  under  side  of 
the  band  of  a  pair  of  wedge-shaped  projections.  The  felloe  band  is 
so  made  and  applied  that  it  forms  one  surface  to  contact  with  one  of 
these  wedges,  while  the  other  is  formed  variously.  At  1,  a  separate 
ring  is  used  with  the  flat  outside  clips  to  hold  this  against  both 
felloe  band  and  rim,  while  at  2 ,  the  wedges  or  clips  have  an  extension 
which  presses  against  the  outer  wedge  on  the  rim.  This  latter  dis¬ 
tinction  divides  these  two  into  the  two  classes  mentioned  previously, 

1  into  the  continuous  holding-ring  class,  the  other  into  the  local- 
wedge  type. 

These  forms  are  shown  to  illustrate  this  point  and  also  because 
despite  this  difference  they  have  practically  similar  felloe  bands. 
This  felloe  band— that  is,  of  the  form  shown  in  2— has  been  recom¬ 
mended  as  a  standard  for  all  demountable-detachable  rims.  Another 
and  different  example  of  the  clamping-ring  demountable-detachable 
type  is  shown  in  Fig.  411,  this  being  the  Firestone  rim.  Here  it  will  be 
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Fig.  412.  Section  of  Perlman  Rim, 
Showing  Locking  Device 


noted  is  the  felloe  band  just  mentioned,  while  the  detachable-rim 
portion  is  that  previously  shown  at  1  in  Fig.  393  as  having  the 
Z-shaped  locking  ring  and  being  adapted  to  clincher  tires  only.  In 
this  instance,  the  rim  band  is  made  with  the  two  wedge-shaped  pro¬ 
jections  on  its  underside  to  allow  for  the  addition  of  the  demount¬ 
able  feature. 

Perlman  Rim  Patents.  Late  in 
the  summer  of  1915,  considerable  con¬ 
sternation  was  caused  among  tire  and 
rim  manufacturers  when  it  became 
known  that  the  Perlman  rim  patent 
had  been  adjudged  basic  by  the  courts, 
and  that,  on  the  strength  of  this 
decision,  an  injunction  had  been  issued 
against  the  Standard  Welding  Com¬ 
pany,  of  Cleveland,  Ohio,  some  few 
of  whose  rims  have  been  previously 
described.  Perlman’s  original  patent 

was  applied  for  on  June  29,  1906,  and  in  addition  to  this  record 
the  fact  was  established  that  the  owner  had  a  Welch  car  which  had 
traveled  over  150,000  miles  and  on  which  were  a  set  of  the  original 
rims.  The  case  dragged  through  the  courts  and  was  discon¬ 
tinued  some  seven  or  eight  years  ago.  Perlman  persisted,  how¬ 
ever,  although  he  had  to  revise  and  alter  his  application  many 
times;  the  basic  patents  were  finally  allowed,  and  issued  to  him 
in  February,  1913.  This  means,  of  course,  that  the  patent  will  not 
expire  until  the  year  1930. 

His  locking  elements  and  the  principle  involved  are  shown  in 
Fig.  412,  which  is  a  section  through  the  rim  and  felloe.  In  Perlman’s 
suit  it  was  claimed  that  the  wedge  end  of  the  bolt  which  was  covered 
in  his  patent,  included  all  wedge  operating  rims,  whether  actuated 
from  the  center,  as  in  Fig.  412,  or  from  the  side.  This  contention 
was  supported  by  the  court  and  negotiations  are  now  in  process 
between  Perlman  and  many  manufacturers  of  the  so-called  local 
wedge  type  of  rim.  As  this  would  appear  to  cover  all  the  rims 
shown  and  described  by  Figs.  395  to  411,  inclusive,  on  pages 
460  to  468,  inclusive,  the  influence  of  this  decision  upon  the 
industry  can  be  imagined.  Moreover,  the  length  of  time  which 
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this  basic  patent  has  to  run  precludes  the  possibility  of  delaying 
action  by  prolongation  of  suits,  as  has  been  done  in  bimilar  cases. 
A  notable  example  of  this  is  the  case  of  the  Selden  automobile 
patents  which  were  fought  on  one  ground  or  another  over  a  long 
period  of  years. 


E  Seel  ions 
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Fig.  413.  Typical  Felloe,  Band,  and  Rim  Sections  for  Popular  Demountable  Rims 


Standard  Sizes  of  Tires  and  Rims.  As  might  have  been  noted 
in  going  over  the  above  discussion  of  tires,  plain  rims,  detachable 
rims,  and  finally,  demountable  rims,  all  these  different  constructions 
require  widely  differing  wheel  sizes.  It  has  been  proposed  to  stand¬ 
ardize  wheels— that  is,  the  outside  diameter  of  the  felloe,  and  with 
it  the  thickness  of  felloe  bands  as  well  as  their  shapes  or  contours, 
one  for  each  tire  cross  section.  With  the  proposed  reduction  of  tire 
sizes  to  nine  standards  as  follows:  30  by  3, 30  by  3§,  32  by  3J,  32  by  4, 
34  by  4j,  36  by  38  by  and  probably  36  by  5,  supplying  these 
sizes  and  these  only  to  manufacturers  of  cars,  but  making  additional 
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oversizes  for  car  users,  one  for  each  size  above,  that  is  31  by  3J  for 
30  by  3,  31  by  4  for  30  by  3J,  33  by  4  for  32  by  3J,  33  by  4J  for 
32  by  4,  35  by  4J  for  34  by  4,  35  by  5  for  34  by  4J,  37  by  5  for 
36  by  4|,  39  by  6  for  38  by  5|  and  probably  37  by  5J  for  the  36  by  5, 
rim  standardization  will  soon  follow  the  adoption  of  these  sizes.  In 
this  event,  in  the  course  of  time  will  come  the  standardization  of 
demountable  rims. 

At  the  present,  there  is  a  wide  range  of  difference,  as  will  be 
noted  in  the  drawing  Fig.  413,  which  shows  felloes  for  the  most 
widely  used  demountable  rims,  depicting  the  band  and  rim  in  each 
case.  The  drawing  should  be  read  crosswise,  each  horizontal  line 
showing  the  differences  to  be  found  in  the  makes  mentioned  in  that 
particular  tire-cross-section  size.  Thus,  the  D  sections  show  the 
differences  for  3J-inch  tires,  E  those  for  4-inch  tires,  F  those  for 
4|-  and  5-inch  tires,  and  G  those  for  5£-  and  6-inch  tires,  rims  for 
which  are  not  produced  by  all  makers. 

Other  Removable  Forms.  Outside  of  the  regular  range  of  wood 
wheels  and  the  standard  tires  for  them,  any  different  wheel  calls  for  a 
different  treatment.  As  has  already  been  mentioned  under  the 
subject  of  wire  wheels,  few  of  these  have  anything  but  a  solid  one- 
piece  clincher  rim,  first,  because  the  wheel  itself  is  removable,  thus 
making  it  as  easy  to  change  wheels  as  to  change  rims  in  the  ordinary 
case,  and  second,  to  save  weight  and  complication. 

Demountable  for  Wire  Wheels.  However,  demountable  forms 
have  been  produced  for  wire  wheels,  one  being  shown  in  Figs.  414  and 
415.  This  is  the  G-R-C  double  Q.D.  rim  as  the  makers  prefer 
to  call  it,  in  action  a  demountable-detachable  form,  the  clincher  rim 
being  of  the  straight-split  type,  in  fact,  a  Stanweld  20.  This  is  made 
with  a  double  wedging  surface  on  the  outside  and  a  single  one  on  the 
inside.  The  latter  contacts  with  another  on  the  false  rim  to  which  the 
wire  spokes  are  attached,  as  does  also  the  inner  wedging  surface  on 
the  outer  wedge.  The  outer  wedging  surface  is  made  so  as  to  come 
just  above  a  fairly  deep  slot  in  the  false  rim.  In  this  is  placed  a  ring 
with  a  double  wedge-shaped  upper  edge  and  a  square  lower  edge. 
This  ring  is  split  at  one  point  and  locked  in  the  highest  position  at 
the  point  diametrically  opposite. 

At  the  split  point  a  pair  of  bent-arm  levers,  Fig.  414,  are 
connected  to  the  two  ends.  Attached  to  a  middle  point  of  each  of 
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Fig.  414.  Operating  Device  on  the  Ashley- 
Moyer  Double  Q.D.  Rim  for  Wire  Wheels 


these  is  one  end  of  an  inverted  U-shaped  member,  the  center  and 
upper  part  of  which  form  a  bearing  for  a  locking  stud,  which  is 

attached  to  one  end  of  the  ring. 
Above  this  is  placed  a  nut. 
As  will  be  noted,  this  forms  a 
toggle  motion,  the  action  of 
which  is  to  expand  the  whole  ring 
when  the  nut  is  screwed  down, 
and  to  contract  it  when  the  nut 
is  screwed  up. 

This  is  the  precise  action 
used,  the  single  ring  forming  the 
■whole  locking  means,  and  being 
actuated  by  the  toggle  mechanism 
through  the  medium  of  screw¬ 
ing  the  nut  up  or  down.  While 
at  its  best  on  wire  wheels  because 
of  its  simplicity,  this  rim  is,  of 
course,  applicable  to  wood  wheels. 
At  present,  its  makers  are  spe¬ 
cializing  on  the  wirewheel  forms. 

Parker  Rim-Locking  Device . 
Another  rim-locking  device 
which  does  not  come  under  any 
of  the  standard  divisions,  being 
devised  for  use  on  the  Parker 
Hydraulic  wheel,  previously 
shown  in  Fig.  360,  is  the  Parker 
modification  of  the  former  Healy 
rim.  As  shown  in  Fig.  416,  which 
shows  the  end  of  a  steel  spoke  in 
section,  this  is  made  with  a  cup 
at  the  upper  and  inner  end,  while 
at  the  outer  is  a  loose  clip,  through 
which  passes  a  bolt  with  a  head 
on  the  outside.  Tightening  the 
bolt  by  means  of  the  external 
head  draws  the  clip  up  the  incline 
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at  the  bottom  of  the  cup,  against  the  wedge  on  the  underside  of  the 
rim,  the  amount  of  pressure  exerted  depending  solely  upon  that 
applied  to  the  bolthead.  As  the  two  wedge  shapes  oppose  one 
another,  this  holds  the  rim  as  firmly  as  is  possible.  It  will  be  noted 
that  this  construction  does  away  altogether  with  the  use  of  felloe 
bands  or  false  rims  used  on 
other  forms  of  rims  or  wheels, 
thus  saving  much  weight.  More¬ 
over,  a  great  part  of  the  weight 
is  saved  at  the  outside,  where 
the  flywheel  effect  of  rapid  rota¬ 
tion  is  thus  lessened.  Moreover, 
the  absence  of  additional  metal 
here  would  give  the  tire  more 
chance  to  radiate  its  heat,  and 
thus  would  preserve  it  better. 

This  construction,  considering  its 
many  advantages,  should  have  a 
wide  use. 

Similarly,  with  all  demount¬ 
able  rims,  the  tendency  is  toward 
wider  and  wider  use,  with  which 
comes  lower  and  lower  cost,  as 
well  as  a  better  and  wider  understanding  of  their  use,  abuse,  attach¬ 
ment,  and  detachment.  With  the  standardization  of  tires  to  a  few 
standard  sizes,  say  9  instead  of  54,  it  will  be  only  a  few  years  before 
ail  kinds  of  rims  including  demountables  will  be  standardized,  at 
which  time  the  latter  will  come  into  universal  use. 

TIRE  REPAIRS 


Fig.  416.  Construction  of  Parker  Hydraulic 
Steel  Wheel  Spokes,  and  Operation  of 
Locking  Device  for  Rims 


Repair  Equipment 

Vulcanization  of  Tires  for  Repair  Man.  In  practically  all  of  the 
following  material  the  point  of  view  is  that  of  the  professional  repair 
man,  or  of  the  garage  man  about  to  take  up  tire  repairs,  as  dis¬ 
tinguished  from  that  of  the  average  owner  or  amateur  repairer.  The 
lesser  tire  injuries  and  their  repairs  are  handled  from  an  amateur 
standpoint  in  another  part  of  this  work. 

Vulcanization,  to  the  uninitiated,  sounds  very  mysterious  but 
it  really  is  nothing  more  or  less  than  cooking  or  curing  raw  gum 


Fig.  417.  Small  Vulcanizing  Outfit  for  Single  Casing  or  Six  Inner  Tubes 
Courtesy  of  C.  A.  Shaler  Company,  Waupun,  Wisconsin 

or  curing  is  necessary.  The  curing,  in  addition  to  uniting  the  parts 
properly,  gives  the  proper  strength,  or  wear-resisting  qualities  which 
raw  rubber  lacks. 

Types  of  Vulcanizing  Outfits.  Shaler  Vulcanizer.  This  curing 
or  cooking  is  done  by  the  application  of  heat,  in  a  variety  of  ways. 
Generally  very  small  individual  vulcanizers  have  a  gasoline  or 
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rubber.  In  the  processes  of  manufacture  a  tire  is  cooked  or  cured, 
all  the  component  parts  supposedly  being  united  into  one  complete 
whole.  A  tire  is  repaired  preferably  with  raw  gum  or  fabric  prepared 
with  raw  gum,  and  in  order  to  unite  this  to  the  tire,  vulcanization 
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alcohol  cavity,  holding  just  enough  of  the  liquid  so  that  when  lighted 
and  burned  the  correct  temperature  will  be  reached  and  held  for  the 
correct  length  of  time.  The  larger  units  are  operated  by  steam  or 
electricity,  the  latter  preferred  for  its  convenience,  the  former  used 
by  the  majority  of  repair  men.  The  source  of  heat  is  immaterial 
so  long  as  the  correct  temperature  is  reached  and  maintained  for  the 
right  length  of  time.  Too  hot  a  vulcanizer  will  burn  the  rubber, 
too  low  a  temperature  will  not  give  a  complete  cure. 

For  the  average  small  repair  man,  the  outfit  shown  in  Fig.  417 
will  do  very  nicely,  at  least  to  start  with.  This  will  handle  a  single 
casing  or  six  tubes,  or  in  a  press  of  work,  both  simultaneously.  This 
outfit  is  operated  by  gasoline,  contained  in  the  tank  shown  above 
at  the  right,  but  the  same  outfit  can  be  had  with  pipe  arrangements 
for  connecting  to  a  steam  main,  or  for  electric  heating.  In  the  case 
of  either  gasoline  or  steam,  there  is  an  automatic  temperature  con¬ 
trolling  device  which  is  a  feature  of  the  Shaler  apparatus.  As  shown, 
casings  are  repaired  by  what  is  known  as  the  “wrapped  tread 
method”,  the  repair  being  heated  from  both  inside  and  outside  at 
once,  the  outside  being  wrapped.  Tubes  are  handled  on  the  flat 
plate  shown  in  the  middle  of  the  framework,  the  size  of  this  4J  by 
30  inches  being  sufficient,  so  the  makers  say,  to  handle  six  tubes  at 
once.  When  this  is  used,  the  tubes  are  hung  over  the  top  pipe  of 
the  machine,  only  the  injured  portion  resting  on  the  plate. 

Haywood  Vulcanizer.  For  larger  work,  a  machine  something 
like  the  Haywood  Master,  shown  in  Fig.  418,  is  excellent.  This  is 
a  self-contained  unit,  carrying  its  own  gasoline  tank,  steam  generator, 
and  other  parts.  It  handles  four  casings  at  once,  while  the  tube 
plate  G  is  5  by  18  inches,  large  enough  for  from  three  to  four  tubes 
according  to  the  allowance  per  tube  made  in  the  Shaler  outfit.  The 
separate  vulcanizers  are  not  designed  for  the  same  part  of  a  casing, 
a  side  wall  and  bead  vulcanizer  being  shown  at  D,  a  sectional  vul¬ 
canizer  for  large  sizes  at  F,  a  sectional  vulcanizer  for  small  and 
medium  sizes  at  F,  and  a  side  wall  and  bead  vulcanizer  for  both 
clincher  and  straight  side  tires  at  H.  The  gasoline  tank  is  marked 
C ,  with  vertical  pipe  in  which  is  the  gasoline  cut-off  valve  K.  This 
leads  down  to  the  gasoline  burner  M,  where  the  gasoline  in  burning 
vaporizes  the  water  into  steam.  The  water  gage  which  indicates 
the  amount  of  water  available  is  marked  L,  this  being  placed  on  the 
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side  of  the  steam  generator  A.  Above  this  is  the  steam  dome  at  B, 
from  which  the  steam  pipes  lead  to  the  various  molds.  The  returns 
or  rather  drips  will  be  noted,  also  the  steam  gage  not  marked,  and 
the  cut-off  valve  in  the  supply  pipe  to  the  sectional  molds.  In  addi- 


t 


Fig.  418.  Master  Vulcanizer  with  Self-Contained  Steam  Generator 
Courtesy  of  Haywood  Tire  and  Equipment  Company,  Indianapolis,  Indiana 

tion  to  the  molds  shown  and  a  full  supply  of  parts  and  tools,  sec- 
tional  vulcanizers  for  2|-  and  3-inch  tires,  relining  mold  for  2\,  3-, 
and  Si-inch  tires,  and  relining  mold  for  4-,  4§-,  5-,  and  5§-inch  casings 
come  with  the  device.  The  smaller  sizes  mentioned  are  cycle  and 
motorcycle  tires,  and  there  is  less  repairing  to  be  done  on  these. 
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This  outfit  with  the  extra  molds,  described  but  not  shown  gives 
a  very  complete  equipment  for  the  small  shop,  doing  average 


Fig.  419.  Battery  of  Vulcanizing  Molds  for  Various  Sizes  of  Tires 


repairing.  In  fact,  when  a  shop  outgrows  this  type  of  equipment, 
it  must  specialize  in  tire  work,  and  purchase  special  equipment,  as 
for  instance  separate  molds  for  casings  only,  separate  plates  for 
tubes  only,  separate  side  wall  vulcanizers,  separate  tread  outfits, 
separate  relining  outfits,  etc.,  and  as  all  these  require  a  large  supply 
of  steam,  a  separate  boiler,  and  the  whole  equipment  properly  and 
safely  arranged,  with  proper  piping,  suitable  returns,  gages,  etc. 

Separate  Casing  Molds  for  Patch  Work.  In  the  way  of  sepa¬ 
rate  molds  for  casings,  an  excellent  example  of  the  localized  heat 
type  is  shown  in  Fig.  419.  By  this  is  meant,  the  form  designed  to 
vulcanize  a  small  short  section  of  a  tire.  The  illustration  shows 
five  sections  capable  of  handling,  respectively,  2\-  to  3-inch  (motor¬ 
cycle),  2|-  to  3  (small  car),  3|-  to  4-inch,  4J-  to  5-inch,  and  5|-  to 
6-inch  tires,  thus  covering  the  entire  range.  These  molds  have  a 
special  arrangement,  in  that  the  heat¬ 
ing  portion  is  divided  into  three  sec¬ 
tions,  into  each  of  which  steam  can 
be  admitted  separately.  This  allows 
the  use  of  one,  two,  or  all  the  sec¬ 
tions  according  to  the  nature  of  the 
repair. 

In  Fig.  420  is  shown  how  it  is 
possible  with  this  apparatus  to  vul¬ 
canize  the  tread  portion  only  by 
admitting  steam  solely  to  the  larger 
bottom  steam  chamber  around  the  tread.  Similarly  with  the  right- 
hand  bead  or  side  wall,  or  the  left-hand  bead  or  side  wall.  When 
a  complete  section  is  to  be  vulcanized,  all  sections  are  opened.  The 
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Fig.  420.  Section  of  Vulcanizer, 
Showing  Steam  Cavities 
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importance  of  this  will  be  realized  in  a  simple  consideration  of  the 
fact  that  the  tire  itself  has  alreadyjbeen  vulcanized  and  further  heat 

is  not  only  not  good  for  it,  but 
is  distinctly  bad,  as  it  deteriorates 
the  rubber.  Where  the  heat  is 
needed,  however,  is  on  the  raw 
rubber  which  has  just  been  added 
at  the  repair  point,  this  being 
practically  useless  until  it  has  been 
cured. 

Vulcanizing  Kettles.  Hori¬ 
zontal  Type.  When  it  comes  to 
vulcanizing  an  entire  tire,  as  for 
instance  when  a  new  tread  has 
been  put  on,  or  other  very  large 
repair,  what  is  known  in  the  trade 
as  a  “kettle”  is  needed.  This  is 
simply  a  heavy  steel  tank,  large 
enough  to  take  one  or  more  entire 
tires,  and  steam  is  admitted  to  its 
interior  to  vulcanize  them.  The 
kettle  shown  in  Fig.  421,  has  a  capacity  of  two  casings  36  inches 
in  diameter  or  smaller.  It  is  of  the  type  in  which  no  bolts  or  nuts 
are  used  for  fastening  the  cover,  this  being  held  fast  by  the  pro¬ 
jecting  lugs  which  lock  under  other  projections  on  the  top  of  the 


kettle,  when  the  cover  is  turned,  Fig.  421.  A  special  rubber  packing 
ring  is  also  used,  as  shown  in  Fig.  422,  effectually  sealing  the  kettle 


Fig.  421.  Vulcanizing  Kettle,  Horizontal 
Type 
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against  steam  leakage.  It  will  be  seen  that  this  kettle  resembles  a 
doughnut  in  shape,  the  tires  lying  within  the  circular  cavity  as  shown 
in  Fig.  422. 

Large  Vertical  Type.  When  the  work  goes  beyond  the  capacity 
of  size  and  type  of  tank  or  kettle  shown  in  Fig.  421,  which  will  handle 
two  casings  at  a  time,  and  at  least  two,  perhaps  four,  kettles  full 
an  hour — that  is,  from  40  to  75  casings  a  day — it  becomes  necessary 
to  use  a  larger  type  of  kettle,  made  in  vertical  types  only.  These 
consist  simply  of  large  round  steel  shells  with  hinged  heads,  into 
which  the  tires  can  be  rolled  and  piled,  after  which  steam  is  admitted 
to  the  whole  interior.  They  vary  in  size  from  36  inches  inside 
diameter  by  24  inches  in  length  to  48  inches  diameter  by  40  inches 
in  length.  The  last  named  handles  from  six  to  eight  casings  and  up 
to  42  inches  in  diameter,  the  others  relatively  less  in  size  and  number. 

Inside  Casing  Forms.  Another  requisite  of  the  tire  specialist 
is  an  inside  casing  form,  such  as  is  shown  in  Fig.  423,  or  something 


Fig.  423.  Shaler  Electrically  Heated  Inside  Casing  Form 


similar.  Many  tire  repairs  are  inside  work,  and  even  on  those  which 
are  external,  it  is  important  to  have  an  inside  form  against  which 
the  tire  can  be  pressed  and  held  firmly  while  vulcanizing.  This 
particular  form  is  heated  by  electricity,  the  wires  being  shown  at 
the  left;  it  is  14  inches  long  and  has  an  external  shape  to  fit  the  inside 
of  all  casings. 
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Side=Wall  Vulcanizer.  A  shop  doing  a  great  deal  of  work  can 
use  to  good  advantage  the  side  wall  vulcanizer  shown  in  Fig.  424. 

_  This  has  a  single  central  member 

through  which  the  steam  passes,  and 
has  also  bolted-on  side  plates,  the 
insides  of  which  are  formed  to  suit 
either  clincher  or  straight  side  tires. 
In  the  figure,  the  side  plates  are  not 
both  in  place,  one  being  shown  below 
on  the  work  table.  The  brace  shown 
is  used  to  remove  the  clamping  nuts 
quickly  and  easily.  This  form  is  very 
useful  on  all  side  wall  or  bead  opera¬ 
tions.  It  applies  greater  pressure 
along  these  parts  of  the  tire  than  an 


Fig.  424.  Side-Wall  Vulcanizer 


Courtesy  of  Haywood  Tire  and  Equipment  Company,  Indianapolis,  Indiana 


air  bag  can;  it  exactly  fits  the  tire  and  the  size  and  shape  make  it 
possible  to  vulcanize  a  36-inch  tire  in  four  settings. 
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Retreading  Vulcanizers.  Retreading  vulcanizers  differ  from 
the  sectional  molds  of  Figs.  417,  418,  and  419  in  that  the  heat  is 
applied  at  one  particular  point  or,  rather,  strip  along  the  middle  of 
the  top  surface  of  the  casing  and  extending  down  only  as  far  as 
the  side  walls.  Such  a  device,  shown  in  elevation  in  Fig.  425,  and 
in  enlarged  sectional  detail  in  Fig.  426,  is  used  solely  for  retreading 
or  vulcanizing  a  new  tread  strip  around  the  tire.  The  complete 
unit  extends  around  about 
one-third  of  the  whole  tire 
surface  so  that,  when  putting 
on  a  complete  new  tread  the 
mold  must  be  used  three 
times.  The  section,  Fig.  426, 
is  numbered  as  follows :  Cas¬ 
ing,  2;  inner  mold,  1;  new 
tread  to  be  vulcanized,  3; 
vulcanizer  proper,  4;  clamp, 

5;  and  steam  space  within 
which  the  heating  is  done,  6. 

Layouts  of  Equipment. 

There  are  twTo  ways  of  install¬ 
ing  an  outfit  somewhat  like 
that  just  described,  namely, 
by  the  non-return  system  and 
by  the  gravity-return  system. 

Non-Return  Layout.  A 
typical  installation  according 
to  the  non-return  system  is 
shown  in  Fig.  427.  A  steam 
trap  must  be  placed  in  the 
system  to  remove  the  water 
and  discharge  it  either  into  the  sewer  or  into  a  tank  so  that  it 
can  be  used  again.  In  the  figure  there  is  shown  a  tube  plate* 
a  three-cavity  sectional  vulcanizer,  two  inside  molds,  and  a 
medium-sized  kettle  of  the  vertical  type,  placed  in  order  from 
the  right  to  left.  A  pressure-reducing  valve  is  shown  as  this 
permits  of  carrying  a  higher  pressure  in  the  boiler,  reducing  it  to 
the  amount  required  for  the  vulcanizers.  This  will  maintain  an 


Fig.  426.  Section  of  Retreading  Vulcanizer 
Courtesy  of  Haywood  Tire  and  Equipment  Company, 
Indianapolis,  Indiana 
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even  steady  pressure 
on  the  vulcanizers 
regardless  of  fluctua¬ 
tions  at  the  boiler. 

Gravity-Return 
Layout.  When  the 
coil  steam-generator, 
or  flash  type  of  boiler 
is  used,  the  gravity- 
return  system  is  util¬ 
ized,  this  being  a 
method  of  piping  by 
means  of  which  the 
condensed  steam  is 
returned  to  the  coil 
heater  to  be  used 
over  again.  This 
makes  it  necessary  to 
set  the  apparatus  so 
that  the  water  of 
condensation  will  run 
back  to  the  coil 
heater,  which  means 
that  the  pieces  must 
be  in  a  series,  each 
successive  one  being 
set  a  little  lower  down 
to  the  boiler.  Figs. 
428  and  429  show  a 
side  view  and  plan 
view,  respectively,  of 
a  small  plant  ar¬ 
ranged  on  this  plan. 
The  outfit  consists  of 
the  coil  heater,  which 
may  be  fitted  to  burn 
gas  or  gasoline,  two 
inside  molds,  a  large 
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tube  plate,  and  a  three-cavity  sectional  vulcanizer.  The  outfit 
differs  from  Fig.  427  only  in  the  absence  of  the  kettle;  on  the  other 
hand,  the  tube  plate  in  Fig.  428  is  larger. 

Small  Tool  Equipment.  In  addition  to  these  larger  units,  the 
well  equipped  tire  repair  shop  should  have  a  considerable  quantity 


of  small  tools,  among  the  necessities  being  those  shown  in  Fig.  430. 
At  A  is  shown  a  flat  hand  roller,  and  at  B,  a  concave  roller.  C  shows 
an  awl  or  probe  which  is  used  for  opening  air  bubbles  and  sand  blisters. 
D  is  a  smooth  stitcher;  F  a  rubber  knife,  of  which  two  sizes  are 
advisable,  a  large  and  a  small;  and  G  a  10-inch  pair  of  shears  for 
trimming  inner  tube  holes,  cutting  sheet  rubber,  etc.  H  is  a  steel 


wire  brush  for  roughing  casings  by  hand;  a  preferable  form  is  a 
rotary  steel  wire  type  driven  by  power  at  high  speed.  I  is  a  similar 
wire  brush  for  roughing  tubes;  and  J  another  brush  with  longer 
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wires,  also  for  roughingGcasings;  A  is  a  tread  gage  for  marking 
casings  to  be  retreaded;  and  L  a  fabric  knife  necessary  in  stepping 
down  plies  of  fabric.  M  is  a  pair  of  plug  pliers  for  placing  patches 
inside  of  small  tube  repairs;  N  is  a  cement  brush  for  heavy  casing 
cement,  another  very  much  smaller  and  lighter  one — preferably 
of  the  camels’  hair  type — being  used  for  tube  cement.  0  is  a  hand 
scraper  and  P  a  tread  chisel;  Q  performs  a  somewhat  similar  function. 


Fig.  430.  Collection  of  Tools  Necessary  for  Vulcanizing  Work 


being  a  casing  scraper  for  cleaning  the  inside  of  a  casing  preparatory 
to  mending  a  blow-out. 

In  addition  to  the  small  tools  shown  in  Fig.  430,  it  is  necessary 
to  have  several  tube-splicing  mandrels;  a  large  number  of  various 
sized  and  shaped  clamps  for  all  purposes;  rules,  try  squares,  and 
other  measuring  tools;  tweezers  for  handling  small  patches,  tools 
for  recutting  threads  on  tire  valves;  tire  spreaders,  for  holding  casings 
open  when  working  inside;  a  casing  mandrel  or  tire  last  of  cast  iron 
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for  holding  a  casing  when  making  repairs;  a  tread  roller  for  rolling 
down  layers  of  raw  stock  evenly  and  quickly;  a  considerable  amount 
of  binding  tape;  thermometers;  and  such  motor-driven  brushes, 
scrapers,  etc.,  as  the  quantity  and  quality  of  the  work  warrant. 

Materials.  Each  repair  shop  must  carry  such  a  supply  of  tire¬ 
repairing  material  as  the  nature  and  quantity  of  its  business  demands. 
Among  other  things  may  be  mentioned:  Tread  stock,  rebuilding 
fabric,  single-friction  fabric,  cushion  stock,  breaker  strips,  single¬ 
cure  tube  stock,  combination  stock,  cement,  quick-cure  cement, 
soapstone,  valve  bases,  valve  insides,  valve  caps,  complete  valves, 
vulcanizing  acid,  various  tube  sections,  tire  tape,  cementless  patches, 
as  well  as  many  other  tire  accessories  to  sell.  Many  good  tire  repair 
shops  find  a  legitimate  use  for  special  tire  repairing  preparations  on 
the  order  of  Tire-Doh. 


Inner  Tube  Repairs 

In  general  all  tire  repairs  come  under  one  or  more  of  the  following 
headings:  Puncture;  blow-outs;  partial  rim  cut  or  rim  cut  all  around; 
and  retreading  or  recovering,  and  relining. 

Simple  Patches.  Under  the  heading  of  punctures,  are  handled 
all  small  holes,  cuts,  pinched  tubes,  or  minor  injuries.  Generally 
these  can  be  repaired  by  putting  on  a  patch  by  means  of  cement, 
or  with  cement  and  acid  curing.  When  well  done,  this  method  is 
effective.  This  kind  of  a  job  seldom  comes  to  the  repair  man,  and 
when  it  does  it  is  principally  because  the  owner  is  too  lazy  to  do  the 
work.  About  the  only  two  cautions  necessary  are  relative  to  cleanliness 
and  thoroughness.  The  tube  and  patch  should  be  thoroughly  cleaned. 
Again  the  patch  should  be  large,  well  cemented,  and  the  cement 
allowed  to  dry  until  just  sticky  enough  to  adhere  properly.  Many  a 
simple  patch  of  this  kind  has  been  known  to  last  as  long  as  the  balance 
of  the  tube. 

Large  Patches.  Cleaning  the  Hole .  Whenever  the  hole  or 
cut  is  large,  it  is  recommended  that  the  repair  be  given  more  serious 
attention  and  vulcanized.  The  ragged  edges  of  the  rubber  should 
be  trimmed  smooth  with  the  tube  shears  or  knife,  the  minimum 
amount  of  rubber  being  cut  away.  The  hole,  however,  should  be 
made  large  enough  to  allow  the  insertion  of  an  inside  patch.  Then 
the  tube  around  the  hole  should  be  cleaned  thoroughly.  This  is  best 
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done  with  a  cloth  wet  with  gasoline,  cleaning  not  only  the  outside 
but  the  inside  around  the  hole  and  at  the  edges.  In  order  to  make  a 
good  job  of  this,  it  should  be  gone  over  several  times;  the  larger  the 
hole  the  more  care  should  be  used  in  cleaning  around  it. 

Preparing  the  Patch.  Having  the  hole  well  cleaned  and  ready, 
these  cleaned  parts  should  be  painted  with  two  coats  of  vulcanizing 
cement,  which  is  allowed  to  dry.  This  must  be  thoroughly,  not  partly 
dry.  Then  the  proper  patch  is  selected,  the  smaller  size  being 
sufficient  for  small  patches,  while  in  the  case  of  large  repairs,  the 
patch  should  be  from  \  to  1  inch  larger  all  around  than  the  hole. 
If  this  is  not  a  prepared  patch,  one  side  should  be  cemented  just  as 
the  tube  was  previously.  If  a  prepared  patch  is  used,  the  semi- 
cured  side  should  be  placed  in,  that  is,  with  the  sticky  or  uncured 
side  toward  the  tube  from  the  inside. 

When  the  cement  on  the  patch  is  just  sticky  enough  it  should  be 
inserted  and  the  tube  pressed  down  against  it  all  around,  slowly 
and  carefully  so  as  to  get  good  adhesion.  Next  the  cavity  about 
the  inside  patch  is  filled  with  gum  or  pure  rubber,  preferably  in  sheet 
form  as  it  comes  for  this  purpose.  This  is  filled  in  until  the  surface 
is  flush.  It  is  preferable  to  use  a  little  vulcanizing  cement  to  hold 
this  rubber  in  place,  particularly  if  a  piece  of  sheet  gum  is  cut  to 
fill  the  hole. 

Vulcanizing  the  Patch.  The  repair  is  now  about  half  completed, 
and  is  next  vulcanized.  The  length  of  time,  if  steam  is  used,  varies 
with  the  amount  of  steam  pressure;  if  the  portable  gasoline  or  alco¬ 
hol  type  of  vulcanizer  is  applied  the  time  varies  with  the  temperature. 
As  this  time  variation  is  so  wide,  it  is  impossible  to  give  an  invariable 
rule.  Thick  tubes  require  a  little  longer  than  thin  ones,  large  patches 
longer  than  small  ones,  wide  patches  more  than  narrow,  etc.  The 
vulcanizing  must  be  carefully  and  thoroughly  done,  and  as  the 
success  of  the  whole  job  depends  upon  this  one  process,  the  arrange¬ 
ment  of  the  tube  on  the  plate,  of  the  soapstone  on  the  new  rubber, 
and  on  the  vulcanizer  to  prevent  adhesion,  of  the  wood  or  rubber 
pad  above  the  patch,  of  the  clamp  and  its  pressure,  should  all  have 
careful  attention.  With  60  pounds’  steam  pressure  available,  from 
10  to  12  minutes  is  about  right,  with  75  pounds  from  8  to  10  minutes. 
In  any  case,  the  rubber  should  be  cured  just  firm  enough  not  to  show 
a  slight  indentation  from  the  point  of  a  lead  pencil.  This  is  a  good 
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test  to  use  at  first,  although  after  a  short  experience,  the  workman 
will  be  able  to  judge  of  the  condition  from  the  feeling,  color,  and 
general  appearance  of  the  patch. 

When  the  size  of  the  plate  is  small,  the  tubes  should  be  held  up 
above  it  out  of  the  way,  partly  to  allow  the  full  use  of  the  plate 
surface,  but  also  to  keep  the  tubes  from  being  damaged. 

Inserting  New  Section.  Preparing  the  Tubes.  In  case  the 
damage  to  the  tube  is  too  great  to  permit  the  use  of  a  patch — for 
instance,  in  case  a  blow-out  makes  a  wide  hole  perhaps  7  inches 
or  more  long  in  an  otherwise  good  tube — it  is  advisable  to  cut  out 
the  damaged  section  and  insert  a  new  section  in  its  place.  Some¬ 
times  old  tubes  of  the  same  size  can  be  used  for  this,  but  if  not, 
sections  can  be  purchased  from  the  larger  tire  and  rubber  companies. 


Fig.  431.  Sketch  Showing  Method  of  Inserting  New  Section  in  Inside  Tube 


In  the  repair,  proceed  as  follows:  After  cutting  out  the  damaged 
section,  bevel  down  the  ends  very  carefully,  using  a  mandrel  to 
work  on  and  a  very  sharp  knife.  As  the  appearance  and  to  a  large 
extent,  the  value  of  the  repair  will  depend  upon  these  beveled  ends, 
this  should  be  done  in  a  painstaking  manner.  Next  select  the  tube 
section  and  cut  it  to  size,  that  is,  from  5  to  6  inches  longer  than  the 
section  which  was  cut  out  and  which  this  patch  is  replacing.  This 
allows  2J  to  3  inches  for  the  splice  at  each  end.  Bevel  the  ends  of 
the  tube  as  well,  and  after  beveling  all  four  ends,  roughen  them 
with  a  wire  brush  or  sandpaper. 

Making  the  Splice.  Having  the  tube  and  repair  section  beveled, 
and  buffed,  the  ends  to  be  joined  should  be  coated  with  one  heavy 
or  two  light  coats  of  acid-cure  splicing  cement.  With  the  tube  and 
patch  properly  placed  on  the  mandrels — tube  on  the  male  and  patch 
on  the  female — turn  back  the  end  to  be  repaired  and  the  end  to  be 
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applied  as  shown  in  Fig.  431.  At  A  is  shown  the  female  mandrel 
on  which  is  the  patch  B,  turned  back  from  the  end  of  the  mandrel 
about  the  right  distance,  say  3  to  3  J  inches.  At  C  is  the  male  mandrel 
on  which  the  tube  D  has  been  turned  back  about  7  to  7\  inches, 

then  turned  back  again  on 
itself  about  3  to  3J  inches. 

Just  as  soon  as  the  ce¬ 
ment  has  dried  thoroughly 
on  the  tube,  apply  a  coat  of 
acid  to  the  patch,  and  imme¬ 
diately  place  the  two  man¬ 
drel  ends  together,  and  snap, 
blow,  or  push  the  end  of  the 
patch  over  onto  the  end  of 
the  tube.  This  frees  the 
female  mandrel  which  can  be 
laid  aside.  Immediately  wi nd 
the  patched  portion  (still  on 
the  male  mandrel)  with  strips 
of  muslin  or  inner  tubing.  In 
15  to  20  minutes  the  cement 
will  have  formed  a  perma¬ 
nent  union,  the  wrappings 
can  be  removed,  and  the  tube 
withdrawn  through  the  slot 
in  the  mandrel. 

This  done  successfully, 
the  whole  operation  is  re¬ 
peated  for  the  other  splice. 
If  the  splice  does  not  cure 
together  well,  it  indicates  either  that  the  acid  supply  is  poor  or  else 
the  splicing  was  not  done  quickly  enough  after  applying  the  acid. 

Casing  Repairs 

Classifying  Troubles.  Some  of  the  common  tire  troubles — 
those  of  the  inner-tube  variety  just  discussed,  and  casing  troubles 
as  well — can  be  clearly  shown  by  suitable  illustrations.  For  example, 
a  section  through  the  tire  showing  how  the  troubles  occur  is  some- 


GASOLINE  AUTOMOBILES 


489 


times  very  useful,  as  shown  in  Fig.  432.  Here  the  pinched  tube 
and  blow-out  are  indicated,  the  results  of  these  on  the  inner  tube 
and  also  their  method  of  repair  having  just  been  described.  These 
troubles  together  with  punctures,  leaky  valves,  and  porous  rubber 
in  the  tubes  about  cover  the  extent  of  inner  tube  troubles.  Because 
of  their  more  complex  construction,  casings  have  more  numerous 
and  more  varied  troubles,  which,  consequently,  are  more  difficult 
to  repair.  The  more  common  casing  troubles  are  blisters,  blow-outs, 
rim  cuts,  and  worn  tread,  the  latter  indicating  the  necessity  for 
retreading.  These  will  be  described  in  order. 

Sand  Blisters.  The  sand  blister  shown  on  the  side  of  the  tire, 
Fig.  432,  is  brought  about  by  a  small  hole  such  as  an  unfilled  punc¬ 
ture  hole,  in  combination  with  a  portion  of  the  tread  coming  loose 
on  the  casing  near  this  hole.  Particles  of  sand,  road  dust,  dirt,  etc., 
enter,  or  are  forced  into,  this  hole,  and  move  along  the  opening 
provided  by  the  loose  tread.  Soon  this  becomes  continuous  and  the 
amount  of  dirt  within  the  break  forces  the  surface  rubber  out  in 
the  form  of  a  round  knob  known  as  a  sand  blister.  This  is  cured 
by  cutting  open  the  blister  with  a  sharp  knife  on  the  side  toward  the 
rim,  and  picking  out  all  dirt  within.  When  the  recess  is  thoroughly 
cleaned,  the  hole,  and  the  radial  hole  in  the  tire  tread  nearby,  should 
be  filled  with  some  form  of  self-curing  rubber  filler,  a  number  of 
kinds  of  which  are  sold.  The  double  benefit  of  this  is  to  close  the 
hole  so  that  the  trouble  is  not  repeated,  and  to  keep  out  moisture 
which  would  ultimately  loosen  the  entire  tread/  A  small  stone 
bruise  should  be  filled  in  the  same  manner. 

Blow=Outs.  The  blow-out,  which  is  perhaps  the  most  important 
casing  repair,  may  be  made  in  two  ways;  the  inside  method  in  which 
the  whole  repair  is  effected  on  the  inside,  or  the  combination  inside 
and  outside  method. 

Inside  Repair  Methods.  Refer  back  to  Fig.  432  for  the  general 
tire  construction,  and  to  Fig.  433  for  this  particular  case,  the  inside 
of  the  tire  is  held  open  by  means  of  tire  hooks  and  the  inside  fabric 
layers  or  plies  removed  for  a  liberal  distance  on  each  side  of  the 
opening.  As  shown  in  Fig.  433,  a  lesser  amount  of  the  second  layer 
should  be  taken  than  of  the  first,  and  still  less  of  the  third  and  each 
subsequent  one.  On  3§-  and  4-inch  tires  it  is  not  advisable  to  remove 
more  than  two  plies;  on  4^-inch  tires  three  as  shown;  and  on  the  larger 
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sizes  four  plies.  The  edge  of  each  layer  of  fabric  should  be  beveled 
down  thin,  as  well  as  the  material  directly  around  the  blow-out. 

Apply  a  coat  of  vulcanizing  cement  and  when  it  has  dried,  say 
for  an  hour,  apply  another.  When  this  has  dried  enough  to  be 
sticky  or  tacky,  fill  as  much  of  the  hole  as  possible  with  gum.  When 
this  is  filled  in  level,  apply  the  fabric  patch.  This  is  made  up  to 
match  the  fabric  cut-out;  that  is  if  three  layers  are  removed,  it  should 

consist  of  three  plies  stepped-up  to 
match,  and  an  extra  last  ply  of 
bareback  fabric  unfrictioned  on  one 
side.  This  last  layer  should  extend 
3J  to  4  inches  beyond  the  ends  of 
the  patch. 

When  this  is  properly  applied 
and  carefully  smoothed  down,  the 
tire  is  [placed  in  a  sectional  mold, 
clamped  in  place,  perhaps  wrapped 
with  muslin  strips  to  hold  it  tightly 
against  the  mold,  and  heat  applied 
from  the  inside.  This  makes  an 
excellent  repair  and  a  fairly  quick 
and  easy  one  but  is  not  applicable 
for  large  blow-outs;  at  least  it  is  not 
as  effective  as  the  inside  and  outside 
method. 

Inside  and  Outside  Method.  In 
the  inside  and  outside  method,  the 
material  is  removed  from  the  out¬ 
side,  stepped  down,  and  beveled 
in  the  same  manner  as  for  the 
method  just  described.  Fig.  434  shows  a  tire  with  a  medium  sized 
blow-out,  which  has  been  stepped  down  for  a  sectional  repair,  four 
plies  having  been  removed.  The  rule  for  the  number  of  plies  to 
remove  is  about  the  same  as  before,  except  that  in  the  larger  sizes 
this  should  depend  more  on  the  nature  of  the  injury.  It  should  be 
noted,  however,  that  in  this  case  the  plies  have  all  been  removed 
right  down  to  and  including  the  bead.  This  is  done  to  give  the 
new  fabric  a  better  hold,  and  to  make  a  neater  job  and  one  that 
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will  fit  the  rim  better.  Give  the  whole  surface  two  good  coats 
of  vulcanizing  cement,  allowing  it  to  dry  thoroughly. 

Apply  the  same  number  of  plies  of  building  fabric  as  were 
removed,  with  the  addition  of  chafing  strips  of  light-weight  fabric 
at  the  bead.  Over  this  building  fabric  apply  a  thin  sheet  of  cushion 
gum,  slightly  wider  than  the  fabric  breaker  strip;  then  a  thickness 
of  fabric  breaker  strip  over  this;  and  then  over  this  fabric  another 
sheet  of  gum,  slightly  narrower  than  the  previous  sheet.  All  this, 
however,  should  be  built  up  separately  and  applied  as  a  unit  and 
not  at  a  time,  as  described.  These  several  plies  should  be  well  rolled 
together  on  the  table.  All  edges  should  be  carefully  beveled  off 
especially  the  edges  of  the  new  gum  where  it  meets  the  old,  as  it  is 


Fig.  434.  Method  of  Preparing  Fabric  for  Blow-Out  Patch — Inside  and 
Outside  Method 


•likely  to  flow  a  little  and  leave  a  thin  overlap  which  will  soon  pick 
loose. 

No  fabric  is  removed  from  the  inside,  but  the  hole  is  cleaned,  its 
edges  beveled,  then  filled  with  tread  gum,  and  the  inside  reinforced 
with  a  small  patch  of  building  fabric;  over  this  lay  two  plies  of 
building  fabric  of  considerable  size.  Now  the  whole  casing  is  placed 
in  a  sectional  mold,  a  surface  plate  applied  to  the  outside,  and  heat 
applied  both  inside  and  outside.  This  will  heat  the  tire  clear  through 
and  make  a  good  thorough  job  of  curing. 

Rim=Cut  Repair.  Partial  Cut.  To  repair  a  partial  rim  cut, 
one  or  two  plies  of  the  old  fabric  are  removed,  unless  it  is  severe, 
when  three  plies  may  be  taken  off.  This  is  removed  right  down 
clean  as  explained  under  Blow-Out  Repairs,  and  the  cement  and  new 
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materials  applied  in  the  same  way,  with  the  omission  of  the  fabric 
breaker  strip.  However,  care  should  be  used  to  carry  all  building 
fabric  layers  not  only  down  around  the  bead  to  the  toe  but  up  on 
the  inside  far  enough  to  secure  a  good  hold  and  ample  reinforce¬ 
ment.  If  this  should  make  the  rim  portion  somewhat  more  bulky, 
remember  it  was  a  case  of  doing  this  or  getting  a  new  tire. 

Complete  Rim  Cut  Where  the  rim  cutting  is  continuous,  the 
old  side-wall  rubber  is  removed  up  to  the  edges  of  the  tread,  and 

the  old  chafing  strips  and 
one  ply  of  old  fabric  to 
about  an  inch  above  the 
beads  removed  also.  Cut 
through  the  side  wall 
rubber  all  around  but  be 
very  careful  not  to  cut 
into  the  fabric  body  or 
carcass.  The  whole  of 
the  side  wall  and  chafing 
strips  can  be  removed  in 
one  operation.  Apply 
two  coats  of  cement  and 
after  this  is  thoroughly 
dry  put  on  a  patch  con¬ 
sisting  of  one  ply  of  build¬ 
ing  fabric,  one  ply  of 
chafing  strip,  and  a  surface  or  outside  ply  of  new  tread  gum.  This 
is  made  on  the  table  and  the  parts  thoroughly  rolled  together. 
When  completed,  vulcanize  in  a  sectional  mold  with  sectional  air 
bag  and  bead  molds  or  endless  air  bag;  apply  to  a  split  curing-rim 
wrap,  and  vulcanize  in  heater  or  kettle.  The  tire  is  repaired,  but 
not  vulcanized,  and  with  the  ends  of  the  three  applied  plies  of 
material  loosened  to  show,  may  be  seen  in  Fig.  435. 

Retreading.  Retreading  is  a  job  which  must  be  done  very 
carefully,  not  only  because  of  the  job  itself,  but  also  because  this 
is  probably  the  most  expensive  single  job  which  can  be  done  to  a 
tire,  and  the  worker  should  make  sure  before  starting  that  the  tire 
warrants  this  expense.  It  should  have  good  side  walls  and  bead, 
and  the  fabric  should  be  solid  and  not  broken  apart. 
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Repairing  the  Carcass.  In  the  usual  case,  it  is  advisable  to 
remove  not  only  the  surface  rubber  and  fabric  breaker  strip,  but 
also  the  cushion  rubber  beneath  the  breaker  strip.  That  is,  the 
tire  should  be  cleaned  off  right  down  to  the  carcass  and  the  latter 
cleaned  thoroughly.  As  the  rubber  sticks,  a  rotary  wire  brush  will 
be  found  useful  and  quick.  However,  this  should  be  used  carefully 
so  as  not  to  gouge  the  carcass.  After  buffing,  the  loose  particles  of 
rubber  should  be  removed  with  a  whisk  broom  or  dry  piece  of  muslin. 
In  this  cleaning  work  the  carcass  should  be  kept  clean  and  dry. 
Apply  two  coats  of  vulcanizing  cement  and  allow  both  to  dry;  the 
first  should  be  a  light  coat  to  soak  into  the  surface  fabric;  the  second 
should  be  a  heavy  coat. 

Building  Up  the  Tread.  In  building  up  the  tread,  it  should 
not  be  made  as  heavy  as  the  former  tread,  as  the  old  worn  and 
weakened  carcass  cannot  carry  as  heavy  a  tread  as  when  new. 
Furthermore,  it  takes  longer  to  vulcanize  a  heavy  tread  and  presents 
more  opportunity  for  failure.  In  the  building-up  process,  the  pro¬ 
portioning  of  weights  is  important,  and  should  be  taken  from  the  tab¬ 
ulation  below,  which  represents  years  of  experience  in  tire  repairing: 
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*  Note:  Determined  by  condition  of  case  after  buffing  and  cementing. 


Size  of  Case 

Width  of  Breaker  ! 

3  " 

H" 

3§" 

2|" 

4  " 

21" 

41" 

3  " 

5  " 

3f" 

51' 

4  " 

6  " 

41" 

This  tread  strip  is  built  up  on  the  table  with  exceeding  care, 
all  edges  being  rolled  down  carefully.  When  the  strip  has  been 
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prepared  and  the  carcass  is  ready  for  it,  one  end  should  be  centered 
on  the  carcass,  and  then  the  balance  of  the  strip  applied  around  the 
circumference,  being  careful  to  center  it  all  around,  as  the  workman 
in  Fig.  436  is  doing.  After  it  has  been  applied  all  around,  it  should 
be  rolled  down  carefully,  all  air  pockets  opened  with  a  sharp  pointed 
awl,  and  the  gum  at  the  edges  of  the  plies  rolled  down  with  the 
corrugated  stitcher.  When  ready,  vulcanize 
in  a  kettle,  using  an  endless  air  bag  with  tire 
applied  to  a  split  curing-rim,  and  wrapped — 
preferably  double  wrapped — all  around. 

Use  of  Reliner.  Many  a  casing  which 
appears  good  on 
the  outside  but 
which  really  is  un¬ 
safe  because  of 
fabric  breaks  on 
the  inside  can  be 
saved,  or  its  life 
temporarily  pro¬ 
longed,  by  the  ap¬ 
plication  of  a  re- 
liner.  By  this  is 
not  meant  the 
prepared  canvas 
and  fabric  reliner 
which  can  be  put 
in  dry,  but  a  regular  built-up  strip  of  building 
fabric,  vulcanized  in  place  so  as  to  be  an  integral 
part  of  the  tire.  For  ordinary  breaks,  use  a 
Fig  436  Method  of  single  ply  of  building  fabric  on  a  casing  which 

Putting  on  New  Tread  has  been  entirely  cleaned  out  and  which  has 

had  two  coats  of  vulcanizing  cement,  thor¬ 
oughly  dried  in.  In  the  case  of  a  bad  break,  use  two  plies  of  fabric, 
stepping  them  to  fit;  the  under  ply  should  be  frictioned  on  two  sides 
and  coated  on  one,  and  the  upper  ply  should  be  frictioned  on  one 
side  only,  the  side  toward  the  tube  being  bareback.  Use  an  endless 
air  bag  for  internal  pressure,  apply  to  a  split  rim,  wrap,  and  vul¬ 
canize  in  kettle  from  35  to  45  minutes  at  40  pounds  steam  pressure. 
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Summary.  By  the  application  of  parts  of  the  foregoing  instruc¬ 
tions  and  the  use  of  much  common  sense,  coupled  with  a  knowledge 
of  the  construction,  use  and  abuses  of  tires,  the  repair  man  will  be 
able  to  handle  any  form  of  tire  repair  brought  to  him.  In  starting 
out,  perhaps  he  could  not  do  a  better  thing  than  to  take  an  old  tire 
apart  to  see  just  how  it  is  constructed.  This  will  give  a  much  more 
clear  idea  than  any  number  of  diagrams,  sketches,  or  photographs. 

The  tire  repair  man  should  remember  too,  that  this  is  no  longer 
a  game,  but  that,  by  means  of  scientific  apparatus  and  the  appli¬ 
cation  of  correct  principles,  it  has  been  brought  up  to  a  high  state 
of  perfection;  an  expert  can  predict  with  reasonable  accuracy  what 
will  happen  in  such  and  such  a  case,  if  this  and  that  are  not  done. 
In  short,  the  tire  repairing  business  within  the  last  few  years  has 
been  brought  up  to  a  stage  where  it,  or  any  part  of  it,  is  a  dependable 
operation.  The  tire  repair  man  should  handle  all  his  work  from 
this  advanced  point  of  view;  it  will  pay  the  largest  dividends  in 
the  long  run. 
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MANAGEMENT  ON  THE  ROAD 

First  get  your  car,  then  learn  to  use  it.  This  homely  phrase 
based  on  another  one  equally  homely  and  of  daily  use,  sums  up  in  a 
few  words  the  matter  of  learning  to  drive  a  car.  After  the  car  has 
been  duly  purchased,  the  glib  salesman  will  show  one  in  about  four 
minutes  how  to  drive.  Yet  after  all  this  assistance,  it  will  take  almost 
any  man  of  fair  intelligence  a  whole  week  or  more  to  learn  to  run  the 
car  alone  and  with  confidence,  while  he  will  continue  to  learn 
additional  points  as  long  as  he  continues  to  drive.  Although  the 
gasoline  engine,  in  combination  with  the  other  mechanical  parts  of 
the  ordinary  touring  car,  is  not  so  very  complex  when  tackled  in  a 
common-sense  manner,  there  are  so  many  things  which  enter  into 
the  whole  makeup  and  which  may  vary,  either  singly  or  in  com¬ 
bination  with  others,  that  the  combinations  are  practically  infinite. 

STOPPING  THE  CAR 

Of  premier  importance  is  starting,  and  the  proper  way  to  go 
about  it.  But  even  before  this  is  done,  the  beginner  should  learn 
to  stop  the  car,  for  accidents  often  happen  from  inability  to  stop; 
never  from  inability  to  start.  So,  the  first  thing  on  the  novice’s 
program  should  be  the  matter  of  stopping. 

Closing  the  Throttle.  Without  a  doubt,  the  surest  way  to  stop 
the  car,  one  that  is  always  effective,  and  by  all  odds,  the  first  one  for 
a  beginner  to  learn  is  that  of  shutting  off  the  throttle.  This  he  must 
learn  at  once  and  before  he  learns  anything  else;  it  should  be  so 
thoroughly  grounded  and  fixed  in  his  mind  that  no  matter  what  sort 
of  a  discomfiting  situation  he  finds  himself  in,  he  will  always  think 
to  shut  off  the  throttle.  This  is  effective,  in  that  with  the  throttle 
closed,  no  gas  can  reach  the  engine,  which,  therefore,  cannot  run. 
If  no  gas  be  supplied  and  the  engine  cannot  run,  its  own  internal 
resistance,  to  be  explained  more  in  detail  later,  will  stop  the  car  very 
quickly,  though  not  immediately.  Other  methods  will  stop  the  car 
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more  quickly,  but  the  novice  might  release  them  accidentally  before 
the  source  of  trouble  was  removed,  making  the  situation  as  bad  as, 
if  not  worse  than,  before.  With  the  throttle  closed,  the  engine  stops 
and  with  it,  of  course,  the  car. 

Fig.  1  shows  how  this  is  accomplished.  Nearly  every  car  has 
the  spark  control  and  the  throttle  placed  upon  the  steering  wheel,  so 
as  to  be  convenient.  Practice  varies  whether  the  spark  is  placed 
above  or  below  the  throttle,  but  in  any  case,  it  is  an  easy  matter  to 
ascertain.  This  is  done  by  lifting  the  hood,  or  bonnet  as  it  is  variously 

called,  so  as  to  expose 
the  mechanism.  Then 
any  movement  of  a  lever 
on  the  hand  wheel  moves 
either  a  part  of  the  igni¬ 
tion  apparatus  or  some 
portion  of  the  carbuieter. 
If  the  latter,  the  lever 
moved  is  then  the  throttle 
lever. 

It  is  not  necessary  to 
remember  which  move¬ 
ment  of  the  throttle  turns 
the  mixture  on  or  off, 
since,  if  the  car  is  running, 
it  must  of  a  necessity  be 
turned  on;  and  to  stop, 
it  is  only  necessary  to  move  it  as  far  as  possible  in  the  opposite 
direction.  In  Fig.  1,  the  longer  and  more  easily  operated  lever, 
marked  A,  is  the  throttle  lever,  and  is  shown  in  the  “off”  position. 
In  the  “on,”  or  open  position,  this  is  at  the  side,  where  it  is  more 
convenient  to  the  hands,  which  should  always  grasp  the  wheel  at 
two  points  directly  across  the  rim  of  the  wheel  from  one  another, 
i.  e,  180  degrees  apart.  The  ordinary  application  of  levers  is 
such  that  in  this  position,  the  location  of  the  spark  and  throttle 
levers  will  bring  them  down  close  to  the  right  hand;  in  which  loca¬ 
tion,  they  may  be  operated  without  removing  the  hand  from  the 
wheel,  a  slight  movement  of  the  thumb  or  one  finger  being  sufficient. 
For  the  “off”  position,  on  the  contrary,  it  is  necessary  to  remove  the 


Fig.  1.  Typical  Steering  Wheel. 
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hand  from  the  wheel  and  reach  for  the  levers,  either  to  put  them 
both  in  the  “on”  position  or  both  on  the  “off”  location. 

When  the  danger  or  source  of  trouble  is  fully  removed,  it  is  the 
work  of  a  second  to  get  out  and  start  the  engine  again.  This  method 
of  stopping  the  car  by  shutting  off  the  engine,  the  beginner  must 
learn  at  once  and  remember  for  all  time,  although  later  on,  with 
more  skill  in  handling  the  car,  and  increased  presence  of  mind,  the 
other  and  superior  methods  will  doubtless  be  used  in  preference. 
This  one  has  the  merit,  for  the  beginner,  of  removing  for  a  consider¬ 
able  length  of  time  all  possibility  of  future  danger,  and  only  recurring 
of  the  novice  driver’s  own  volition.  That  is,  there  can  only  be  ad¬ 
ditional  danger  when  the  engine  is  deliberately  started  again. 

Emergency  Brakes.  Other  ways  of  stopping  the  car  are  numerous, 
as  stated  before,  but  to  men¬ 
tion  them  in  order  of  merit, 
the  best  is  a  combination  of 
the  method  just  mentioned 
with  the  application  of  the 
emergency  brakes.  The  latter 
are  placed  on  the  car,  as  their 
name  would  indicate,  for  the 
express  purpose  of  stopping 
the  car  in  an  emergency. 

Usually  they  consist  of  a  pair 
of  very  large  and  powerful 
brakes  fixed  directly  to  the  rear 
wheels  and  operated  by  the 
outer  of  the  two  hand  levers. 

These  hand  levers  may  act 
forward  or  backward,  i.  e., 
they  may  be  applied  by  a  pull 
or  a  push.  The  method  to  be 
used  will  depend  upon  the 
specific  car  in  question,  since 
the  makers  differ  as  to  this 
and  the  system  of  operation  has  never  been  wholly  standardized. 

Two  figures  are  given  to  show  this.  Fig.  2  is  that  of  a  popular 
car  on  which  the  lever  'pulls  back  to  apply  the  emergency  brakes. 
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The  right-hand  lever  is  for  the  brakes.  These  levers  are  those  used 
on  the  Pierce- Arrow  car,  one  of  the  few  right-hand-drive  cars, 
the  levers  being  inside  the  body.  Fig.  3  shows  another  car  on  which 
the  emergency  lever  A  pulls  back,  this  being  almost  universal  now. 
Fig.  29,  however,  shows  one  that  pushes  forward,  a  method  used 
by  some  makers. 

Service  Brakes.  All  modern  cars  are  equipped  with  a  secondary 
set  of  brakes,  which  are  known  as  the  service  brakes,  and  are  applied 

by  means  of  a  foot  pedal. 
While  this  has  not 
been  standardized  any 
more  than  the  action  or 
placing  of  the  emergency 
brake  levers,  it  happens 
that  the  majority  of  car 
builders  utilize  the  right- 
foot  pedal  for  this  pur¬ 
pose,  Fig.  4.  This  op¬ 
erates  a  second  set  of 
brakes  upon  the  rear 
wheels  of  a  shaft-driven 
car,  according  to  the 
latest  practice,  or  upon 
the  countershafts  of  a 
chain-driven  car.  It  is 
sometimes  a  single,  wide¬ 
faced  brake  placed  upon 
the  main  shaft  just  back 
of  the  transmission. 
In  any  case,  pressing 
the  pedal  D,  Fig.  3 
and  Fig.  4,  forward 

Fig.  3.  Control  Group  of  Overland  Four-Cylinder  Car  and  down  applies  the 
Willys-Ov&rland  Company,  Toledo,  Ohio  secondary  Set  of  brakes. 

Th^se  being  applied  by  means  of  a  foot  pedal,  while  the  emer¬ 
gency  brakes  are  operated  by  means  of  a  hand  lever,  makes 
it  possible  to  apply  both  at  once,  with  superior  braking  results. 
In  the  use  of  a  'pull-back  emergency  lever,  it  is  possible  to  apply 
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the  foot  brake  first,  and  with  the  leverage  upon  this  as  a  brace, 
apply  the  emergency  brakes  more  forcibly. 

It  must  be  remembered  in  the  use  of  both  of  these,  that  the 
operator  is  simply  using  his  strength  and  the  increased  leverage 
which  the  arrangement  gives  him,  against  the  force  of  the  engine, 
and  that  other  conditions  being  the  same,  when  the  foot  pedal  and 
hand  lever  are  removed  or  released,  the  engine  will  go  on  propelling 
the  car  just  as  fast  as  before  the  brakes  were  applied. 

This  makes  it  highly  important  for  the  new  driver  to  learn 
either  to  pull  his  gear-shifting  lever  back  or  to  push  it  for¬ 
ward,  as  the  case  may  be,  so  as  to  bring  it  into  the  neutral 
position.  When  this  is 
done,  none  of  the  gears  are 
in  mesh,  and  if  the  driver 
should  involuntarily  let  the 
foot  slip  which  is  holding 
the  clutch  out,  or  that  which 
is  pressing  down  on  the 
brake  pedal,  no  harm  will 
be  done.  In  this  way,  shift¬ 
ing  into  neutral  may  be  con¬ 
sidered  as  an  example  of 
the  “safety  first”  method 
of  driving,  although  it  may 
mean  shifting  several  times, 
as  well  as  a  short  delay 
caused  by  starting  with  low 
gear,  working  up  to  second, 
and  then  to  high.  This 
safety  method  is  of  especial 
importance  to  beginners,  as 
the  expert  driver,  in  a  tight 
situation,  will  not  become  confused  or  let  the  foot  slip  off,  whereas 
the  beginner  may. 

Using  the  Engine  as  a  Brake.  A  fourth  method,  and  one  which 
takes  care  of  the  case  just  mentioned,  is  that  of  throwing  off  the 
spark.  This  is  brought  about  by  means  of  the  spark  advance  lever 
on  the  hand  wheel  previously  spoken  of,  and  shown  at  C  in  Fig.  3. 


Fig.  4.  Service  Brake  and  Operating  Pedal  on 
the  Chalmers 
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Throwing  off  the  spark  prevents  the  ignition  of  the  charge  just 
drawn  into  the  cylinder,  or  any  succeeding  charges,  until  the  spark 
is  again  thrown  on.  This  causes  the  engine  to  draw  in  gas,  com¬ 
press  it,  and  eject  it  without  receiving  a  power  impulse.  All  this 
takes  power;  since  none  is  supplied,  the  forward  energy  of  the  mov¬ 
ing  car  is  consumed  in  turning  the  engine  over;  this  rapidly  subtracts 
from  the  momentum  of  the  car,  and  in  that  way  soon  brings  it  to  rest. 
In  the  language  of  the  automobile  driver,  this  is  the  act  of  using  the 
engine  as  a  brake.  Despite  its  effectiveness,  the  practice  is  to  be  dep-. 
recated  because  it  is  at  the  same  time  wasteful  of  fuel  and  is  said  to 
be  hard  on  the  engine,  which,  after  all,  is  the  vital,  beating  heart  of 
any  car,  and  should  have  corresponding  care. 

Changing  Gears.  The  last  method  of  snubbing  the  forward 
progress  of  the  car  consists  of  nothing  more  nor  less  than  slowing 
down  by  shifting  to  the  low  gear ,  in  which,  as  will  be  explained  later 
on,  many  revolutions  of  the  engine  are  necessary  to  make  one  rotation 
of  the  rear  wheels.  In  conjunction  with  this,  a  retarded  throttle  will 
lower  the  movement  of  the  car  to  a  veritable  crawl.  This  is  usually 
very  handy  to  know  and  to  utilize  in  the  crowded  streets  of  large  cities, 
particularly  in  the  downtown  districts  during  teaming  hours. 

Having  then  mastered  the  numerous  ways  of  stopping  and  slow¬ 
ing  the  progress  of  the  car,  including  the  one  to  be  most  firmly  im¬ 
pressed  upon  the  mind — that  of  shutting  off  the  gas  supply  by  retard¬ 
ing  the  throttle  lever  to  the  limit — the  amateur  driver  can  begin  to 
consider  something  else,  which  would  naturally  be  the  process  of 
starting  and  the  routine  of  inspection  which  precedes  it. 

STARTING  THE  CAR 

Method.  The  best  way  to  go  about  this  is  to  have  a  simple 
routine,  which  is  always  followed.  In  order  to  always  do  the  same 
thing  and  in  the  same  order,  it  is  well  to  have  a  list  of  things  to  be 
done,  which  should  be  learned  and  always  followed.  In  a  short  time 
the  driver  will  do  these  things  unconsciously  each  time  before  starting 
out,  and  then  the  simple  system  will  have  served  its  purpose. 

Now  as  a  suggestion,  one  might  say  to  oneself,  what  are  my 
wants?  and,  after  having  attended  to  them,  have  I  got  everything? 
The  key  words  to  these  two  simple  questions  are  the  words  WANTS 
and  GOT.  Taking  these  as  the  keywords,  it  is  possible  to  lay  down 
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all  of  the  things  that  should  be  done  before  starting,  so  that  every 
letter  of  these  two  words  represents  one  thing,  as  follows : 


W  ater 

A  cetylene  (or  lamps) 
N  uts  and  bolts 


T  rying  out 


G  asoline 
O  il 


T  ires 

S  park  retarded 

Water.  From  the  above,  water  stands  for  the  question,  is  the 
water  cooling  system  completely  filled,  or  does  it  need  any  more 
water? 

*  Acetylene.  Then  comes  the  question  of  proper  lights — is  there 
sufficient  fuel  to  light  the  car  on  its  way,  whether  it  be  acetylene 
compressed  into  tanks,  generated  from  carbide,  or  just  plain  oil;  or 
in  the  modern  electric  method  is  the  lighting  system  complete. 

If  a  gas  tank  is  used  instead  of  a  generator,  the  autoist  should 
see  that  the  pressure  gauge  indicates  that  there  is  sufficient  gas  in 
the  tank  for  the  trip,  and,  if  not,  the  tank  should  be  replaced  by 
a  charged  one. 

In  connection  with  filling  the  lamps  it  would  be  well  to  form 
the  habit  of  wiping  the  tail-lamp  glasses  and  the  license-plate  with 
a  cloth,  as  these  are  usually  neglected  and  become  obscured  by  dirt, 
and  may  subject  the  autoist  to  arrest  for  not  having  a  rear  light 
or  a  legible  license-plate. 

Nuts  and  Bolts.  Next,  it  is  wise  to  glance  over  the  more  impor¬ 
tant  bolts  and  nuts  to  see  if  they  are  tight,  or  at  least  appear  tight. 
At  first  it  is  well  to  go  over  them  with  a  wrench,  but  later  on  this  is 
unnecessary. 

Tires.  Now  the  tires  represent  a  very  important  part  of  the  car, 
one  that  is  very  expensive  to  buy  and  maintain,  so  that  it  is  a  good 
idea  to  get  into  the  habit  of  glancing  at  all  four  tires  before  setting 
out  on  any  kind  of  a  journey.  In  particular,  the  inflation  should  be 
examined.  Tire  manufacturers  say  that  35  per  cent  of  tire  troubles 
are  due  to  under-inflation.  In  this  connection,  the  table  of  tire  pres¬ 
sures,  Table  I,  will  be  very  useful.  It  may  be  used  in  connection 
with  any  kind  of  a  tire-pressure  gauge.  There  are  a  number  of  these 
gauges  on  the  market,  and  the  beginner  should  obtain  one  very  early 
in  his  driving  career,  learning  to  use  and  rely  on  it. 
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TABLE  I 

Proper  Pressures  in  Tires 


Size  op  Tire 

Pressure  Recommended 

Weight  per  Wheel, 

Front 

Rear 

Front 

Rear 

28  by  2i 

40 

45 

225 

275 

30  by  2* 

45 

50 

225 

275 

28  by  3 

48 

52 

350 

425 

30  by  3 

50 

55 

375 

450 

32  by  3 

52 

58 

375 

450 

34  by  3 

52 

60 

400 

500 

28  by  3i 

55 

63 

400 

500 

30  by  3i 

58 

65 

450 

550 

32  by  3i 

60 

65 

500 

625 

34  by  3£ 

63 

65 

550 

675 

36  by  3* 

63 

68 

600 

750 

30  by  4 

63 

68 

550 

650 

32  by  4 

65 

70 

650 

800 

34  by  4 

68 

70 

700 

875 

36  by  4 

68 

72 

750 

900 

32  by  4i 

68 

72 

700 

800 

34  by  4i 

70 

75 

900 

1125 

36  by  4} 

72 

78 

1000 

1250 

34  by  5 

75 

80 

1000 

1300 

36  by  5 

80 

90 

1150 

1375 

38  by  5 

85 

100 

1250 

1500 

36  by  5i 

90 

105 

1400 

1600 

38  by  5} 

95 

110 

1500 

1700 

Spark.  To  save  his  own  body,  or  to  be  more  specific,  his  arms 
and  shoulders,  the  driver  must  retard  the  spark  every  time  before 
attempting  to  start  the  engine,  else  a  back  kick  will  result  and  injury 
will  surely  follow.  This  is  an  important  point  and.  one  that,  like 
shutting  off  the  gas  in  an  emergency,  should  be  memorized  early. 
The  importance  of  this  may  be  judged  from  the  statement,  borne 
out  by  the  reports  of  insurance  companies,  that  37  per  cent  of  all  auto¬ 
mobile  accidents  to  either  driver  or  passenger  are  cranking  accidents. 

Gasoline.  Surely,  the  engine  has  not  yet  been  invented  which 
will  run  without  fuel,  so  it  is  of  primary  importance  to  have  not 
only  some  fuel,  but  enough  to  complete  the  proposed  journey.  This 
then  stands  for  the  question,  “Is  the  gasoline  tank  filled  ?” 

Oil.  Lubrication  is  of  equal  if  not  superior  importance,  for 
even  if  everything  is  right  and  ready  to  run,  with  plenty  of  fuel,  to 
run  it  without  lubrication  is  to  run  it  for  the  last  time,  i.  e .,  a  lack 
of  lubricant  (oil,  grease,  graphite)  will  ruin  the  finest  machinery. 
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After  having  started  the  motor,  the  autoist  should  listen  for  any 
unusual  sounds  while  it  is  running,  and  closely  watch  the  sight-feeds 
on  the  lubricator,  adjusting  them  if  necessary. 

Trying  Out  the  Car.  After  starting  the  engine  the  autoist 
should  take  his  seat,  and,  withdrawing  the  clutch,  place  the  shifter 
lever  in  the  position  for  first  speed,  release  the  brakes,  and  start  the 
car  by  engaging  the  clutch  gradually. 

While  the  car  is  moving  the  brakes  should  be  operated,  first 
the  hand  brake  and  then  the  foot  brake,  and  if  any  adjustments  are 
needed  they  should  be  made  at  once.  A  trial  of  the  brakes  with  the 
car  running  is  more  valuable  than  a  number  of  trials  with  the  car  at 
rest. 

If  the  gear-shifter  lever  does  not  work  properly,  or  the  clutch 
slips,  the  fact  will  be  indicated,  and  adjustments  can  be  made  on  the 
spot,  saving  the  autoist  trouble  and  humiliation  on  the  road. 

Things  to  Remember  About  Starting.  Next  to  the  points  covered 
above,  the  most  important  thing  for  the  beginner  to  learn  is  the 
proper  method  of  starting  an  engine,  and  of  holding  the  starting 
crank  so  as  to  render  the  process  a  safe  one.  These  are  very  hard 
things  to  impress  upon  the  novice,  who  thinks  that  starting  consists 
of  turning  the  crank— a  very  simple  operation— until  the  engine 
responds  and  starts.  This  is  very  far  from  the  real  situation. 

Method  of  Cranking.  The  proper  and  safe  method  of  starting 
should  be  learned  for  there  are  methods  in  daily  use  which  are  not 
safe.  Take,  for  instance,  the  ordinary  way  of  cranking  the  motor. 
Most  motors  turn  clockwise,  that  is,  from  left  to  right.  Then,  in 
starting,  the  ordinary  driver,  who  has  just  “picked  up”  driving,  grabs 
the  crank  with  the  right  hand  and  pulls  on  it  until  the  top  is  reached, 
then  pushes  it  over  the  center,  and  the  motor  either  does  or  does  not 
start.  In  the  latter  case,  he  continues  to  pull  it  around.  This  method, 
whether  right  or  wrong,  may  possibly  work  on  a  small  engine,  but  wait 
until  this  plan  is  tried  upon  a  large  motor. 

The  driver,  to  crank  in  this  fashion,  must  stand  at  the  left 
and  between  the  center  of  the  car  and  the  wheel  or  fender.  At 
the  top  of  the  stroke,  which  is  also  the  top  of  the  circle  of  revolution 
of  the  crank,  he  is  in  a  very  awkward  position.  Worst  of  all,  his 
arm  is  extended  stiff,  and  a  back  kick  will  operate  directly  against 
it,  as  shown  at  the  left  in  Fig.  5,  and  shown  also  in  Fig.  6.  In  this 
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manner  the  arm  is  liable  to  be  broken,  or  at  least  badly  wrenched. 
In  addition,  the  awkward  position  is  such  that  the  weight  must  be 
concentrated  upon  the  right  foot  in  order  to  balance.  The  least 
tendency  toward  back-firing  is  liable  to  destroy  this  balance,  so  that 
the  driver  may  fall  over.  The  writer  has  seen  men  start  a  car  in  this 
fashion,  and,  finding  the  engine  turn  over  more  readily  than  they  had 
expected  and  provided  for,  the  very  effort  of  starting  was  sufficient 
to  upset  their  balance  and  cause  them  to  fall  over. 

With  left-hand  starting,  however,  these  three  objections  are 
obviated.  As  the  turn  of  the  crank  is  away  from  the  center  of  the 
car,  its  movement  may  be  counted  upon  to  give  the  driver  more 
room  in  which  to  stand.  Instead  of  the  last  and  hardest  part  of  the 


Fig.  5.  Wrong  and  Right  Method  of  Starting 


cranking  being  in  the  nature  of  a  push  with  the  arms  stiffened,  it 
is  more  of  a  pull  with  the  elbow  flexed,  and  therefore  free,  as  shown 
at  the  right  in  Fig.  5.  If  the  engine  back-fires  it  is  easier  to  let  go 
of  the  spinning  crank,  because  it  is  exerting  a  pull  on  the  hand,  not 
a  push  as  before.  Then,  too,  the  substitution  of  a  well-balanced 
position  for  an  awkward  one  helps  to  make  the  action  of  freeing  the 
crank  so  as  to  let  it  turn  freely,  much  easier.  The  advantages  of 
left-hand  starting,  then,  may  be  summed  up  as  follows:  less  danger 
to  the  operator’s  arm,  easier  balance  of  the  body,  and  less  work. 

How  to  Hold  the  Starting  Crank.  In  the  apparently  simple 
operation  of  cranking  an  automobile  engine  there  are  many  little 
points  for  the  novice  to  consider.  Among  these  the  most  important 
are  those  which  make  for  increased  safety.  Thus  the  seemingly 
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elementary  action  of  grasping  the  crank  handle  is  susceptible  of 
two  methods — one,  right  and  safe;  the  other,  not  safe,  and  therefore, 
not  right. 

Ordinarily  the  driver  will  grasp  the  handle  with  a  firm  grip 
about  as  he  would  grasp  a  baseball  bat;  that  is,  with  the  fingers 
wrapped  around  it  in  one  direction  and  the  thumb  around  it  in  the 
other,  as  shown  at  the  right  in  Fig.  6.  Whatever  method  of  cranking 
is  employed,  this  grip  is  wrong,  for  if  the  motor  back-fires  the  position 
of  the  thumb  prevents  letting  go,  at  least  quickly  enough  to  be  of 
any  service. 

The  proper  way,  as  shown  at  the  left  in  Fig.  6,  is  to  take  hold 
with  the  fingers  around  the  handle,  but  loosely,  never  tightly.  Then 
the  thumb  should  not  be  used  at  all,  but  should  be  folded  back  along- 


Fig.  6.  Right  and  Wrong  Crank  Grip 

side  of  the  first  finger  and  out  of  the  way.  The  whole  work  is  done 
by  the  fingers  and,  if  anything  happens,  the  backward  action  of  the 
crank  simply  opens  the  closed  fingers  and  no  harm  is  done.  This 
holds  true  particularly  when  taken  in  conjunction  with  left-hand 
starting.  In  that  case,  the  latter  and  dangerous  part  of  the  starting 
action  is  a  pull  toward  the  operator.  The  arm  in  which  the  greatest 
strength  can  be  exerted  is  in  tension.  So,  if  the  engine  back-fires, 
a  person  just  stands  still  and  holds  the  arm  taut,  while  the  backward 
action  of  the  engine  opens  the  fingers. 

Starting  Devices.  In  the  last  two  or  three  years,  the  starter  has 
been  developed  to  a  point  where  it  may  now  be  considered  as  extremely 
reliable.  There  are  three  general  forms :  the  mechanical  form  which  is 
low  in  price,  simple  in  operation,  and  with  a  small  number  of  parts; 
the  air  or  gas  form  which  has  more  parts,  is  more  complicated,  and 
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costs  more;  and  the  electric  type  which  has  the  greatest  number 
of  parts,  is  the  most  complicated,  and  probably  costs  the  most. 

Mechanical  Starters.  A  mechanical  starter  is  really  only  a 
substitute  for  the  crank,  allowing  the  driver  to  do  his  cranking 
from  the  seat.  That  is,  it  is  nothing  but  a  mechanical  transmission 
device  by  means  of  which  the  driver  avoids  going  around  to  the  front 
of  the  car  and  whirling  the  usual  starting  crank.  Of  this  form,  the 
Boston,  Fig.  7,  is  typical,  this  being  shown  applied  to  a  Ford  car. 
As  will  be  noted,  a  handle  A  projects  from  the  front  of  the  dash¬ 
board,  this  being  connected  by  a  rod  and  cable  to  a  pulley,  another 

portion  of  which  carries 
a  chain  attached  to  an¬ 
other  pulley  on  the  usual 
starting  shaft.  By  means 
of  a  pull-back  spring, 
this  is  automatically  re¬ 
stored  to  its  normal  posi¬ 
tion  ready  for  use  the 
next  time.  In  addition, 
the  large  pulley  carries  a 
roller  clutch  so  that, 
should  the  engine  back¬ 
fire,  no  damage  will  be 

Fig.  7.  Boston  Mechanical  Starter.  Much  Used  on  done.  There  are  Other 
Small  Cars 

mechanical  forms,  one, 
for  instance,  widely  tried  a  few  years  ago,  in  which  the  engine  was 
started  by  means  of  a  large  flat  spring,  the  latter  being  automatically 
wound  up  by  the  engine  after  use.  There  are  many  other  mechan¬ 
ical  forms  which  differ  from  the  one  shown  in  minor  details  only. 

Gas  and  Air  Starters.  After  a  number  of  more  or  less  unsuccess¬ 
ful  attempts  to  produce  a  satisfactory  gas  starter,  this  form  has 
just  been  abandoned.  In  the  light  cheap  cars  such  as  Ford,  Saxon, 
etc.,  the  cost  was  too  great  to  compete  with  the  lower-priced  electric 
starters.  The  same  thing  is  true  of  air  starters,  which  had  the 
additional  disadvantage  of  inefficiency,  the  average  air  compresser 
efficiency  being  about  15  per  cent. 

Electric  Starters.  Electric  starting  is  now  well-nigh  universal, 
and  judging  from  the  manner  in  which  it  is  being  applied  to  all  new 
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cars,  even  down  below  $750  in  price,  it  will  be  universal  in  a  few 
years.  Of  course,  it  has  been  developed  along  several  lines  and  there 
are  dozens  of  different  systems.  In  general,  however,  each  system 
includes  a  rotary  generator  to  produce  the  current  when  driven  by 
the  engine;  a  battery  in  which  to  store  this  current;  a  rotary  motor 
to  turn  the  engine  over  when  current  is  supplied  to  it  from  the 
battery;  and  the  necessary  electrical  switches,  cut-outs,  etc.,  to 
render  the  operation  reg¬ 
ular,  precise,  and  safe. 

In  some  systems, 
the  units  are  combined 
as,  for  instance,  but  one 
rotary  generator -motor 
being  used,  this  acting  as 
a  generator  at  one  time 
and  as  a  motor  at  an¬ 
other.  Also,  it  is  possible 
to  use  some  of  these 
units  for  other  purposes, 
such  as  ignition  and  elec¬ 
tric  lighting.  These  com¬ 
binations  have  brought 
about  the  one-unit  sys¬ 
tem,  the  two-unit  system, 
and  the  three-unit  sys¬ 
tem.  The  one-unit  system  has  a  single  member  which  is  used  for 
starting,  lighting,  and  ignition;  the  two-unit  system  has  a  starting 
and  lighting  member  and  an  ignition  member  in  one  form,  or  into 
a  starting  unit  and  a  lighting  and  ignition  unit  in  another.  The 
three-unit  system  has  separate  units  for  each  of  these  functions. 

Whatever  the  arrangement  or  form,  the  electrical  starting 
device  allows  of  starting  the  motor  by  opening  the  throttle,  setting 
the  spark,  and  then  pressing  a  button  or  pulling  a  lever.  In  some 
systems  there  is  a  switch,  in  the  form  of  a  handle,  located  on  the 
dashboard.  The  switch  is  turned  through  an  arc  of  about  two  inches, 
thus  completing  the  ignition  circuit  and  connecting  the  battery  to 
the  motor-generator.  This  automatically  starts  the  latter  running, 
which  turns  the  engine  over.  In  these  systems,  it  might  be  men- 
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tioned,  the  motor-generator  continues  to  run;  and  if  for  any  reason 
the  engine  should  slow  down  as  when  about  to  stall  from  overload, 
the  electrical  unit  automatically  changes  over  to  a  motor  and  assists 
in  turning  the  engine  over.  For  this  reason,  this  particular  arrange¬ 
ment  is  called  semi-automatic,  whereas  it  gives  the  result  of  a  non- 
stallable  motor — a  very  valuable  feature. 

In  the  system  shown  in  Fig.  8,  a  small  extra  lever  A  is  placed 
on  the  footboard  near  the  shifting  and  brake  levers.  Starting  is 
performed  as  follows:  The  ignition  switch  and  throttle  switch, 
also  on  the  dashboard,  are  thrown  to  the  starting  position  and  the 
lever  A  is  then  pushed  forward.  As  is  outlined  in  Fig.  9,  which 
shows  the  working  parts  of  this  system,  this  movement  (to  the 
dotted  position)  draws  the  lower  end  N  of  a  lever  arm  backward 


Fig.  9.  Diagram  Showing  the  Method  of  Operation  of  1915  Hupmobile  Starter 


and  in  so  doing  makes  an  electrical  connection  in  the  starting  switch 
so  that  current  can  flow  from  the  battery  to  the  motor.  At  the 
same  time,  the  upper  end  of  this  lever  B  moves  forward  until  it 
picks  up  the  end  of  the  shifting  rod  C,  and  continuing  pushes  this 
forward.  In  so  doing  it  moves  the  arm  D  and  with  it  the  gear  E 
until  the  latter  meshes  with  the  gear  teeth  cut  in  the  face  of  the  fly¬ 
wheel.  Then  the  starting  motor  is  in  the  position  of  receiving  electric 
current  from  the  battery,  and  of  being  mechanically  connected 
with  the  engine  through  the  shaft  I  carrying  gear  H,  which  meshes 
with  gear  F  and  on  this  latter’s  shaft,  the  gear  E  in  mesh  with  the 
flywheel.  That  being  the  case,  when  it  rotates,  the  engine  is  turned 
over.  And  all  this  results  from  pushing  forward  the  small  lever 
shown  in  Fig.  9.  This  is  a  three-unit  system. 

In  the  Locomobile,  of  which  Fig.  10  shows  a  view  of  the  dash- 
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board,  the  work  of  making  the  electrical  connection  and  the 
mechanical  action  of  shifting  a  gear,  as  described  previously  for  the 


Fig.  10.  Dashboard  of  Locomobile,  Which  Starts  with  a  Button 
Courtesy  of  Locomobile  Company  of  America ,  Bridgeport,  Connecticut 


Hupmobile  and  there  done 
by  means  of  a  mechanically 
operated  lever,  is  all  per¬ 
formed  electrically.  Pressing 
a  single  button  on  the  dash¬ 
board  operates  to  shift  the 
gear,  make  the  electric  con¬ 
nection,  and  start  the  car. 

This  simplifies  starting  to  its 
lowest  terms. 

In  many  systems,  a  heel 
button  or  pedal  is  used  in 
place  of  the  handle.  On  the 
Cole  car,  Fig.  1 1 ,  this  is  placed 
at  the  right  of  the  other  pedals 
and  slightly  higher  for  opera¬ 
tion  by  means  of  the  toe. 

This  is  not  always  the  case, 
for  on  the  Overland  car, 
shown  in  Fig.  3  and  again  in  Fig.  19,  the  button  is  placed  close  to 
the  seat  and  depressed  by  the  heel. 


Fig.  1 1 .  Starting  Pedal  Used  on  Cole  Cars, 
Alongside  Regular  Pedals 
Courtesy  of  Cole  Motor  Car  Company 
Indianapolis,  Indiana 
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CONTROL 

Typical  Forms  of  Selectors.  To  master  early  the  methods  of 
control  is  easier  to  say  than  to  do,  as  is  shown  plainly  in  Figs.  12  and 
13.  These  depict  the  action  of  changing  gears  on  a  number  of  differ¬ 
ent  American  cars,  and  show  at  a  glance  the  wide  divergence  in  prac¬ 
tice  which  the  new  driver  must  go  up  against.  The  upper  figure  is 
meant  to  represent  the  quadrants  of  cars  having  four-speed  gears, 
and  the  lower  figure,  the  quadrants  of  those  cars  fitted  with  three- 
speed  gear  boxes.  By  four  speed  and  three  speed,  is  meant,  respec¬ 
tively,  four  forward  speeds  and  three  forward  speeds;  the  reverse 
speeds,  being  taken  for  granted,  are  not  counted  in  mentioning  the 
number  of  speeds  which  the  gear  box  affords.  Thus,  to  call  atten¬ 
tion  to  a  few  of  the  types  selected  at  random,  A,  Fig.  12 — the  quad¬ 
rant  on  the  former  Lozier  G — had  the  reverse  on  the  outside  and 
forward,  while  the  high  speed  was  also  forward  but  inside.  The  low 
speed  was  outside  and  backward,  while  a  forward  movement  of  the 
lever  in  the  same  line  gave  second  speed.  To  attain  third  speed, 
when  in  high,  was  simply  a  matter  of  pulling  the  lever  straight  back. 
In  C,  Fig.  12,  are  shown  the  various  lever  positions  on  the  Stude- 
baker  car.  Again  the  reverse  is  to  be  found  on  the  outside  and 
forward  but  there  the  resemblance  ceases,  for  the  high  speed  is  out¬ 
side  and  forward,  as  compared  with  inside  and  forward  on  the  Lozier. 
Low  speed  is  inside  and  forward  as  contrasted  with  the  Lozier’s  out¬ 
side  and  back.  Second  speed  is  found  inside  and  at  the  back  as 
against  outside  and  forward  on  the  Lozier,  and  similarly  with  third, 
which  is  outside  and  back,  instead  of  inside  and  back.  This  would 
lead  to  much  trouble  at  first,  as  for  instance,  when  a  person,  who  was 
used  to  a  Lozier  and  was  driving  a  Studebaker  for  the  first  time,  was 
caught  in  an  emergency,  and  dropped  to  reverse,  desired  to  go  into 
low,  he  would  involuntarily  go  through  the  Lozier  movement  to  which 
he  was  accustomed,  namely,  outside  and  back.  This  done  upon  the 
Studebaker  results  in  third  speed,  which  is  very  high  as  compared 
with  the  expected  low.  Sequel,  an  accident.  Of  course,  this  could 
only  happen  during  the  first  few  weeks  of  use  of  a  new  car,  as  after 
that  time  in  any  situation,  it  would  be  a  matter  of  doing  the  shifting 
according  to  the  quadrant  of  the  new  car.  But  to  prevent  just  such 
a  happening,  the  control  should  be  mastered  thoroughly,  and  learned 
so  that  one  can  repeat  upon  request,  the  various  speeds  and  the 
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corresponding  positions.  Changing  gears  is  at  once  a  peculiar  and  a 
complicated  action*  for  the  clutch  must  be  thrown  out  for  an  instant, 
during  which  the  levers  are  shifted,  after  which  the  clutch  is  gently 
let  in  again. 

Possible  Standardization.  This  peculiarly  mixed  and  at  the 
same  time  dapgerous  situation  is  in  a  fair  way  to  be  cleared  up  by 
the  standardization  of  the  quadrants  for  American  cars  to  a  possible 
two  or  three,  used  on  all  cars.  'As  early  as  June,  1911,  the  Society 
of  Automobile  Engineers  considered  and  placed  in  their  data  books, 
the  three  suggested  standards  shown  in  Figs.  14, 15,  and  16.  These, 
which  have  since  been  adopted  by  a  large  number  of  American 
firms,  are  as  follows:  Fig.  16,  suggestion  for  three-speed  transmission; 


A 


High 


R?or 

Figs.  14,  15,  16.  Three  Standard  Forms  of  Quadrant  Gates  Suggested  by  Society 
of  Automobile  Engineers 


Fig.  15,  suggestion  for  four-speed  transmission,  which  it  will  be 
noted  is  the  same  as  Fig.  14  but  with  the  extra  space  for  the  addi¬ 
tional  speed,  the  low  speed  replacing  the  reverse  and  that  being 
placed  by  itself  off  to  the  left  side;  and  Fig.  16,  suggestion  for  a  four- 
speed  gate,  in  which  a  latch  is  used  to  prevent  accidental  entrance 
to  reverse,  the  same  space  being  used  for  low  and  reverse  (with  this 
modification)  so  that  the  three-speed,  Fig.  14,  and  the  four-speed, 
Fig,  16,  would  be  alike  except  for  the  latch. 

Proper  Procedure  in  Gear  Changing.  One  thing  that  should  be 
mastered  early  in  the  process  of  learning  to  change  gears  is  that  the 
motor  and  the  car  should  be  moving  at  corresponding  rates  of  speed. 
That  is,  when  it  is  desired  to  change  down  from  a  high  to  a  lower 
speed,  if  the  car  be  allowed  to  slow  down  a  little  before  changing, 
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better  results  will  be  had.  This  may  be  effected  by  throwing  the 
clutch  out  and  holding  it  out  for  a  short  time,  when  the  car  will  slow 
down  a  little.  If  this  is  done,  the  engine,  being  free  for  a  time*  will 
begin  to  race  and  so  the  changing  process  must  be  accompanied  by 
a  closing  of  the  throttle  to  reduce  the  engine  speed.  Similarly,  with 
changing  from  a  low  speed  up  to  a  higher  one,  the  car  should  be 
moving  rapidly,  and  the  chatlge  should  be  made  as  quickly  as  is  pos¬ 
sible,  so  that  the  car  does  not  lose  any  of  its  momentum.  With  the 
planetary  type  of  gear,  the  matter  of  changing  speeds  is  Very  simple, 
consisting  of  but  a  push  on  one  or  the  other  of  two  pedals,  this  action 
supplanting  both  clutch  and  change  gear  lever  action  on  a  sliding 
giar  transmission.  With  this  form,  drivers  usually  guess  at  the 
proper  period  at  which  to  make  the  change,  any  mistake  in  estima¬ 
ting  the  rates  of  the  car  and  motor  being  of  little  consequence,  as  the 
bands  will  slip  instead  of  transmitting  the  shock  to  the  gear.  A 
similar  action  occurs  in  the  case  of  individual  clutch  or  friction  gears, 
but  with  the  sliding  type  severe  strains  and  shocks  have  to  be  taken 
up  by  the  clutch  and  are  usually  transmitted  in  part  to  the  gear  if  the 
clutch  is  not  slipped.  This  applies  to  the  other  types  as  well. 

Change  Gears  Quickly  and  Completely.  One  point  which  the 
novice  should  be  careful  of  is  in  shifting  gears.  If  the  clutch  is 
thrown  in  before  the  gears  are  meshed  as  far  as  they  should  be,  they 
will  have  but  a  narrow  contact  of  perhaps  one-fourth  inch.  This 
continued  will  burr  up  and  spoil  both  gears.  In  shifting,  too,  the 
novice  must  learn  that  the  operation  must  be  performed  with  exceed¬ 
ing  quickness.  The  gears  are  both  rotating  sometimes,  and  one 
always.  In  order  to  mesh  a  stationary  gear  with  a  rotating  one,  even 
if  it  be  rotating  slowly,  it  is  necessary  to  push  the  one  gear  into  place 
as  quickly  as  possible,  doing  this  with  one  firm,  continuous  motion. 

Changing  from  a  Lower  to  a  Higher  Gear.  In  changing  from 
a  lower  to  a  higher  gear  it  will  be  necessary  to  speed  up  the  motor 
by  means  of  the  throttle  or  accelerator  in  order  to  store  enough  energy 
in  the  flywheel  to  furnish  the  work  needed  to  accelerate  the  car  to  its 
new  speed.  As  the  speed  of  the  car  increases  the  higher  gear  should 
be  engaged,  the  autoist  not  being  in  too  great  a  hurry  to  make  the 
change;  however,  the  movement  of  the  change  gear  lever  should  be 
made  quickly  in  order  that  the  car  does  not  lose  way.  When  chang¬ 
ing  from  a  higher  to  a  lower  gear  the  change  should  be  made  so 
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quickly  that  the  car  has  no  time  to  slow  down.  When  climbing  a 
steep  hill  it  should  be  ascended  as  far  as  possible  on  the  high  gear  by 
proper  use  of  the  throttle  and  spark,  and  the  change  down  to  the  lower 
gear  made  as  soon  as  the  motor  begins  to  labor  or  is  in  danger  of 
stopping.  The  presence  of  an  unusual  number  of  passengers  in  the 
car  will  affect  its  ability  to  negotiate  grades  which  ordinarily  are 
taken  on  the  high  gear,  and  the  autoist  should  remember  this  and 
not  attempt  to  force  the  car  to  travel  on  that  gear  with  the  increased 
load,  but  resort  to  a  lower  gear. 

Changing  with  Selective  Gearing.  Of  the  two  chief  varieties  of 
sliding  gear  the  selective  is  in  universal  use.  The  most  familiar 
form  employs  a  sort  of  grid  with  communication  between  the  two 
slots  through  a  gate  or  passage  cut  in  the  bar  at  right  angles  to  the 
slots.  A  lever  works  backward  or  forward  in  either  of  these  slots 
and  can  be  shifted  from  one  to  the  other  through  the  communicating 
gate.  The  ends  of  the  slots  represent  the  positions  of  the  lever  when 
certain  gears  are  engaged,  and  in  the  illustration,  Fig.  17,  the  lever 
is  seen  with  the  third  or 
high  gear  in  mesh.  For 
changing  from  third  to 
second  gear  the  proce¬ 
dure  is  shown  graph¬ 
ically.  The  first  position 
is  with  the  clutch  en¬ 
gaged  and  the  gear  lever 
in  third  gear  position, 
the  clutch  being  shown 
above  the  grid.  The  second  position  shows  the  clutch  disengaged 
and  the  lever  being  moved  toward  the  second  gear  position,  marked 
2  on  the  grid.  The  third  shows  the  lever  in  second  gear  position 
and  the  fourth,  the  final  step  in  the  change,  the  clutch  again  engaged. 
The  procedure  is  the  same  in  the  case  of  a  progressive  sliding  gear. 

Changing  from  Second  to  First  Gear.  Fig.  18  shows  the  change 
from  second  to  first  gear  on  the  same  grid,  the  upper  line  of  figures 
showing  the  movement  of  the  clutch  pedal  and  the  central  line  the 
corresponding  movement  of  the  accelerator,  or  throttle.  The  first 
position  shows  the  clutch  in  and  the  throttle  open  ready  for  the 
change;  the  second  shows  the  clutch  withdrawn  and  the  lever  moved 
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Fig.  17.  Movement  of  Clutch  Pedal  (top)  in 
Changing  from  Third  to  Second  Speed  (bottom). 
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along  the  slot  until  opposite  the  gate;  while  the  third  shows  the  lever 
being  moved  through  the  gate  and  along  the  other  slot  toward  the 
first  gear  position,  this  sideways  and  forward  movement  being  com¬ 
bined  in  one  continuous  movement.  The  motor  having  speeded 
up  as  soon  as  the  clutch  is  released,  it  is  necessary  to  reduce  its  speed 
somewhat  before  engaging  the  second  gear,  so  the  accelerator  is 
shown  partially  released  in  this  position.  The  gear  is  then  engaged, 
the  clutch  let  in,  and  the  accelerator  again  depressed,  which  is  the 

situation  shown  in  the 
fourth  position.  A 
change  from  first  to 
second  is  made  in  the 
reverse  order,  except  that 
the  accelerator  pedal  is 
not  released  unless  it  is 
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L8.  Movement  of  Clutch  Pedal  (top)  and 
ccelerator  (middle)  in  Changing  from 
Second  to  Low  (bottom). 


necessary. 

Use  of  the  Spark. 

Upon  the  proper  use  of 
the  sparking  device  de¬ 
pends  the  economy  of  the 
motor,  and  in  many  cases  the  safety  of  the  driver.  On  some  cars 
the  sparking  point  on  the  magneto  is  fixed,  and  the  autoist  controls 
the  car  by  the  throttle  only.  There  are  a  number  of  cars  in  use 
which  employ  the  battery  in  connection  with  separate  coils  or  a 
single  spark  system,  or  a  magneto  on  which  the  spark  can  be  reg¬ 
ulated  by  the  driver.  When  starting,  the  spark— in  the  case  of 
battery  ignition — should  be  retarded  to  prevent  back-firing,  and — 
in  the  case  of  magneto  ignition — should  also  be  retarded  to  a 
certain  point,  depending  on  the  motor  and  magneto.  When  it  is 
desired  to  slow  the  motor  down  below  the  point  obtained  by 
throttling  only,  the  spark  is  likewise  retarded.  In  ordinary  running, 
a  position  of  the  spark  lever  can  be  found  which  will  give  fair  average 
results  through  a  considerable  range  of  speed  without  changing  its 
position,  and  this  position  varies  with  each  motor  and  can  be  found 
by  experience.  When  a  higher  rate  of  speed  is  desired,  the  throttle  is 
opened  and  the  spark  advanced  gradually.  If  a  grade  is  to  be 
negotiated  it  should  be  “rushed”  if  possible,  the  throttle  being  opened 
full  and  the  spark  well  advanced  until  the  motor  begins  to  slow  down 
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and  “knock/’  when  the  spark  should  be  retarded  to  correct  this. 
The  autoist  should  always  keep  the  spark  as  far  advanced  as  possi¬ 
ble,  without  causing  the  motor  to  knock.  When  accelerating  or 
retarding,  the  spark  should  follow  the  throttle,  the  latter  always 
being  operated  first. 

Driving  at  a  Constant  Speed.  One  of  the  best  lessons  on  the 
proper  method  of  driving  a  car  is  that  of  driving  at  a  constant  speed, 
no  matter  what  the  road  conditions.  The  autoist  should  previously 
determine  a  speed  compatible  with  the  nature  of  all  roads  over  which 
the  car  is  to  pass,  and  should  see  that  the  speedometer  hand  keeps 
at  the  determined  speed  throughout,  regulating  the  spark  and  throttle 
and  changing  gears  if  necessary.  Considerably  more  will  be  learned 
about  the  flexibility  and  power  of  the  motor  by  driving  in  this  way 
for  a  few  times  than  by  driving  many  times  in  the  ordinary  way. 

Reversing  is  Usually  Neglected.  Among  other  things  connected 
with  driving  which  is  apt  to  be  neglected  is  reversing  or  driving  a  car 
backward.  Usually  a  car  is  never  reversed  for  more  than  a  few 
yards  at  a  time  and  the  maneuvering  involved  requires  no  great  skill. 
Steering  a  car  when  running  backward  is  diametrically  opposite  to 
that  when  running  forward.  A  turn  of  the  wheel  to  the  left  steers  the 
car  in  the  opposite  direction,  to  the  right,  and  vice  versa.  The  usual 
mistake  made  in  reversing  is  in  turning  the  steering  wheel  too  far  and 
describing  zigzags  in  the  road  as  a  result.  The  autoist  should 
remember  that  the  reverse  gear  of  a  sliding  change  gear  should  never 
he  engaged  until  the  car  has  been  brought  to  a  full  stop. 

Practice  Zigzagging.  In  addition,  the  novice  should  practice 
zigzagging  back  and  forth,  with  a  slight  movement  to  one  side  each 
time.  This  is  such  a  motion  as  would  be  needed  to  place  a  car  in  a 
small  space  in  public  garages,  where  every  foot  is  of  value  and  use, 
consequently  the  location  of  each  car  must  be  very  exact.  This  is 
obtained  only  by  reversing  for  a  short  distance,  noting  that  the  car 
must  be  moved  say  a  foot  more  to  the  right,  then  coming  forward 
with  the  wheel  turned  slightly  to  the  right,  then  reversing  again. 
Possibly  the  driver  will  then  find  that  he  must  still  go  a  short  dis¬ 
tance  to  the  right,  or  perhaps  he  has  gone  too  far  and  must  come  back. 
In  either  case,  this  means  coming  forward  with  a  slight  turn  to  the 
steering  wheel,  then  backing  straight  in  to  preserve  the  gain  made 
on  the  forward  movement. 
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Systems  of  Control.  Shifting  a  gear  lever  and  pressing  a  clutch 
pedal  does  not  constitute  all  that  has  to  be  learned  about  the  control 
of  a  car  by  any  means;  in  fact,  to  be  frank,  it  is  just  a  beginning. 
Each  single  action  is  of  itself  simple,  as  the  sliding  of  gears,  and  the 
action  of  throwing  out  a  clutch.  So,  too,  is  the  throwing  on  of  the 
brakes  and  the  movement  of  the  spark  and  throttle  levers,  but  the 
really  hard  part  is  when  it  becomes  necessary  to  do  all  of  them 
simultaneously,  that  is — throw  out  the  clutch,  drop  into  low  speed, 
throw  on  the  brakes,  shut  down  the  throttle,  and  retard  the  spark: 
six  complete  and  decidedly  different  actions  at  once,  if  both  brakes 
be  used. 

exemplifying  the  ordinary  cases,  several  typical  control 

systems  will  be  shown 

Emergency  Broke  Lever  ftn(J  explained.  The  first, 

illustrated  in  Fig.  19,  is 
that  of  the  Overland  car, 
previously  shown  in  Fig. 
3.  This  has  no  less  than 
eleven  components  to  the 
control  system.  First, 
there  is  the  steering 
wheel,  which  governs  the 
direction  of  the  machine; 
second,  is  the  speed  lever, 
which  controls  the  speed 
at  which  the  machine  can 
travel;  third,  is  the  emergency  lever  outside  of  the  speed  lever, 
and  the  most  prominent  in  the  illustration;  fourth,  is  the  clutch 
pedal,  the  one  on  the  left;  fifth,  is  the  service  brake  foot  pedal, 
which  is  placed  at  the  right  side  of  the  footboard;  sixth,  is  the 
foot  accelerator,  located  on  the  footboards  at  the  right  toe; 
seventh,  the  muffler  cut-out,  an  effective  signal  to  teams  and  others; 
eighth,  the  toe  switch  for  cutting  off  the  ignition  in  an  emergency, 
often  omitted;  ninth  and  tenth,  the  spark  and  throttle  levers  placed 
on  the  steering  wheel;  and  eleventh,  the  starting  button  or  lever. 
In  addition,  the  horn  might  be  put  down  as  the  twelfth  item,  while 
there  is  the  speedometer  to  watch  in  order  to  keep  within  the  legal 
speed  limit,  the  oil  pressure  gage,  the  gasoline  gage,  and  at  night, 
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Fig.  19.  Drawing  Showing  Complete  Overland  Control  Group 
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the  various  units  in  the  electric  system,  notably  the  ammeter.  Prac¬ 
tically  all  modern  cars  have  an  electric  horn.  So  the  poor  novice  is 
bewildered  with  no  less  than  thirteen  or  fourteen  things  to  control  at 
once,  to  say  nothing  of  the  motor  itself,  or  its  ignition,  water  supply, 
and  numberless  other  parts  which  might  not  work — in  which  case, 
the  motor  might  stop  or,  if  it  continued  to  run,  might  be  ruined. 
Thinking  all  of  these  things  over  it  is  apparent  that  there  will  always 
be  some  people  who  will  not  and  cannot  learn  to  drive. 

Early  Tendency  Toward  Simplicity  of  Control.  A  few  years 
ago  simplicity  of  control  and  the  appearance  of  the  dashboard  were 
very  essential  features,  and  of  considerable  value  in  selling.  There 
were  but  two  pedals  and  two  levers,  besides  the  usual  throttle 
lever.  The  spark  lever  was  omitted,  owing  to  a  special  design  of 
magneto.  This  tendency  reached  its  height  just  before  starters 
were  perfected,  and  just  previous  to  the  general  change  to  left-side 
control.  Moreover,  this  was  just  before  fore  doors  became  general, 
these  enclosing  the  driver’s  compartment  so  that  there  was  less 
need  for  the  clean  dash. 

Development  of  Instrument  Board.  With  the  enclosing  of  the 
driver’s  compartment  by  the  use  of  fore  doors,  came  also  the  use  of  a 
deeper  dash  in  order  to  get  a  smooth  and  pleasing  curve  to  the 
exterior  line  where  the  hood  finished  off  into  the  dash  with  its  wind¬ 
shield  attachment.  With  this  depth  of  dash,  or  as  it  has  been 
renamed,  cowl,  it  became  necessary  to  locate  the  various  indicators 
and  gages  elsewhere  than  on  the  dash.  This  problem  was  solved  by 
the  construction  of  what  is  now  known  as  an  instrument  board,  a 
wide  flat  member  set  at  right  angles  to  the  exterior  line  of  the  cowl, 
but  placed  on  the  inside.  In  this  position,  it  is  nearest  to  the  driver. 
Moreover,  the  slight  slope  which  was  brought  about  by  placing  it  at 
right  angles  to  the  cowl  made  it  easier  for  the  driver  to  see  anything 
on  it.  At  about  the  same  time  that  this  use  of  an  instrument  board 
became  general,  starting  systems  came  into  use  as  well  as  electric 
lighting.  These  two  improvements  added  a  number  of  buttons, 
switches,  and  gages  to  the  control,  which  had  not  been  previously 
necessary,  and  obviously,  these  were  placed  on  the  instrument  board. 
This  is  said  advisedly,  although  a  few  makers  have  concentrated 
their  control  group  elsewhere,  as  on  the  steering  post,  in  a  special 
box  placed  alongside  the  steering  post,  and  elsewhere. 
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To  illustrate  this  more  clearly,  the  instrument  board  of  the 
Overland  car  is  shown  in  Fig.  20,  although  this  particular  car  has  a 
small  group  of  five  buttons  for  the  horn,  magneto,  headlights,  side¬ 
lights,  dash,  and  tail  lamps  set  in  a  small  box  on  the  side  of  the 
steering  post,  with  a  key  for  locking  them.  Even  at  that,  the  instru¬ 
ment  board  carries  the  speedometer,  the  oil  sight  feed,  the 
carbureter  adjustment,  and  the  ammeter  for  the  electric  system. 
On  a  car  which  did  not  have  the  electric  buttons  separated,  these 
would  be  found  on  the  instrument  board  with  those  just  described. 

On  the  Packard,  the  electrical  control  and  the  ignition  lock 
are  grouped  on  a  control  post,  in  front  of  and  supported  from  the 
steering  post,  with  a  hollow  tube  down  to  the  frame  through  which 
the  electric  wires  run. 


Fig.  20.  Instrument  Board  on  Overland  Cars 


The  more  usual  plan — and  the  more  reasonable  one,  since 
all  the  units  cannot  be  placed  on  a  control  or  steering  post,  and 
separating  part  only  adds  complication — is  to  place  all  on  the  dash. 
This  is  shown  very  nicely  in  Fig.  10,  which  at  the  same  time  presents 
a  most  complete  equipment.  This  shows  all  the  units  included  on 
the  Overland  post  and  dash  grouped  neatly  on  the  dash,  with  these 
changes.  There  is  no  carbureter  adjustment  but  a  priming  button 
replaces  it;  a  voltmeter  replaces  the  ammeter;  an  oil  pressure  gage 
replaces  the  oil  sight  feed. 

The  precise  location  of  this  board  may  be  seen  by  referring  to 
Figs.  3  and  19,  in  which  the  forward  part  of  the  same  car  is  shown. 
An  idea  of  the  instrument  board  on  other  cars  may  be  gained  by 
referring  to  Figs.  10  and  21.  The  former  shows  how  the  units  are 
grouped  at  the  left  side  of  the  car  (it  has  left-side  control)  close  to 
the  driver’s  hand.  In  this,  one  additional  member  will  be  noted 
that  has  not  been  mentioned  previously — the  hand  pump  for  the 
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gasoline  pressure  tank.  This  tank  is  located  at  the  rear  end  of  the 
chassis  and,  if  the  pressure  falls  while  the  car  is  standing,  it  becomes 
necessary  to  have  a  hand  pump  with  which  the  pressure  can  be 
brought  up  to  the  point  where  fuel  will  be  forced  to  the  carbureter, 
in  order  that  the  car  can  be  started,  after  which  the  engine  acts  as 
the  source  of  pressure. 

In  Fig.  21,  showing  the  Hudson  Super-Six  control,  it  will  be 
noted  that  the  dash  is  extremely  simple,  practically  all  of  the  units 
being  grouped  in  one  small  unit  in  the  center  (this  car  has  left  con¬ 
trol  also)  of  the  instru¬ 
ment  board.  Upon  the 
dash  are  mounted  a  mag¬ 
netic  speedometer,  am¬ 
meter,  pressure  gage, 
lighting  switch  with  spe¬ 
cial  lock  control,  gasoline 
and  air  adjustment  to  the 
carbureter,  an  adjust¬ 
ment  for  hot  or  cold  air, 
and  a  strangler.  Here 
also  there  is  an  auxiliary 
hand  pump  for  the  gaso¬ 
line  tank.  The  latter  is 
located  in  the  frame  at 
the  rear,  the  gasoline 
being  supplied  from  this 
main  tank  by  a  vacuum 
system  to  a  small  supply 
tank  mounted  under  the  hood.  From  this  latter  tank  the  gasoline 
is  supplied  by  gravity  to  the  carbureter.  The  hand  pump  is  designed 
to  be  used  only  when  the  vacuum  system  fails  to  work. 

Development  of  Left  Control.  With  the  general  shift  to  left- 


Fig.  21.  Control  Group  and  Instrument  Board  of  Hudson 
Six-54 

Hudson  Motor  Car  Company,  Detroit,  Michigan 


side  control,  which  came  with  a  full  realization  of  its  advantages, 
and  only  after  the  public  had  realized  that  this  was  a  better  and 
more  logical  position,  came  also  the  central  placing  of  the  levers. 
The  advantage  of  the  latter  was  twofold;  first ,  it  retained  the  use 
of  the  right  hand;  and  second,  it  simplified  the  construction,  elimi¬ 
nating  thereby  many  parts  and  some  weight. 
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As  the  majority  of  people  are  right-handed,  they  place  more 
confidence  in  that  hand;  in  automobile  operation,  the  majority  of 
cars  produced  have  had  right-hand  levers,  and  people  have  become 
accustomed  to  having  them  and  seeing  them  there.  As  Fig.  22  will 
show,  the  central  placing  of  the  levers  has  resulted  in  bringing  trans¬ 
missions  up  closer  to  the  engine,  to  a  position  in  which  the  levers 


Fig.  22.  Center  of  Mitchell  Chassis,  Showing  Simplicity  Resulting  from  Left  Control, 
Center  Levers 


could  be  placed  directly  upon  the  top  of  the  gearbox.  This  saved 
rods,  levers,  and  shafts,  with  their  supports  and  connections. 

Examples  of  the  effectiveness  of  left-hand  drive  are  shown  in 
Figs.  23  and  24.  Of  course,  as  is  the  universal  practice,  the  clutch 
pedal  must  be  depressed  by  the  left  foot  at  the  moment  a  shift  of 
the  gears  is  made  with  the  right  hand  as  shown  in  Fig.  23.  In  case 
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of  an  emergency  stop,  the  left  foot  throws  out  the  clutch  and  the 
right  foot  depresses  the  service-brake  pedal.  At  the  same  instant  the 
right  hand  operates  the  emergency  lever  in  the  center  of  the  car  as 


Fig.  23.  Correct  Position  for  Shifting  Gears 


Fig.  24.  Proper  Position  for  Applying  Emergency  Brakes 


shown.  When  the  danger  is  over  the  gear-shifting  lever  must  be 
shifted  to  “low”  before  throwing  in  the  clutch. 

In  Fig,  25  is  shown  a  novel  but  convenient  arrangement  of  the 
control  levers,  this  being  the  Locomobile  design.  The  two  levers 
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are  not  placed  together  as  is  usual,  but  are  divided,  one  the  gear- 
shifting  lever  being  placed  in  the  center,  while  the  other  the  emer¬ 
gency  brake  lever  is  placed  on  the  left  or  outside.  Both  are  set 
back  close  to  the  seat.  Notches  in  the  cushions  allow  of  their 
movement. 

The  levers  are  small  in  size  and  short  in  length  and  these  virtues 
combined  with  their  location  close  against  the  seat,  take  them  out 
of  the  way  and  thus  free  the  front  aisle  for  entrance  from  either 
side.  The  makers  of  this 
car  claim  that  the  surface 
of  the  foot  brake  is  so 
great  that  there  is  sel¬ 
dom  need,  not  once  in  a 
month,  for  using  the 

I  emergency.  The  left 
hand  can  become  as 
skilled  in  the  simple  oper¬ 
ation  of  pulling  this  back¬ 
ward  in  a  few  days’  prac¬ 
tice  as  is  the  right.  The 
more  important  move¬ 
ments  of  the  gear  lever 
are  performed  perfectly 
by  the  skilled  right  hand. 

STEERING  GEAR 

Mention  has  been  made  several  times  of  the  steering  gear,  and 
this  plays  a  very  important  part  in  the  operation  of  a  car.  Fig.  26 
is  a  good  illustration  of  the  Peerless  steering  gear,  and  although  it 
does  not  reveal  the  internal  construction  of  the  gear,  it  shows  the 
operating  lever  at  the  base,  the  motion  of  which  results  in  the  move¬ 
ment  of  the  wheels.  The  spark  and  throttle  levers  which  connect 
directly  to  the  magneto  and  carbureter,  respectively,  are  seen,  one 
below  the  gear,  and  the  other  near  the  top  of  the  casting  which  holds 
the  gear  to  the  dashboard. 

CLUTCH 

One  of  the  most  puzzling  sources  of  trouble  is  the  clutch.  The 
reason  for  this  lies  in  the  fact  that  it  is  seldom  described  to  the  novice, 
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fierce.  Slipping  man- 
ations  as  climbing  a 
ning  at  its  highest 
engaged,  the  car 
stead  of  forward;  or 
gine  racing  and  the 
results.  The  “fierce” 
the  sudden  jumping 
the  clutch  has  been 
be  so  severe  as  to 
gear  when  used  with 
any  form  that  will  not 
To  repair  the 
surface  of  the  leather 
lubricating  oil  on  it. 


so  that  when  he  thinks  he  has  assumed 
some  proficiency  in  driving,  some  day  he 
gets  into  a  car  with  a  slipping  clutch,  and 
then  none  of  the  little  things  he  has  learned 
so  slowly  and  painstakingly  will  cause  the 
car  to  get  up  speed.  He  tries  more  spark 
and  wider  opened  throttle,  less  spark  and 
partly  closed  throttle,  and  all  of  the  “57” 
other  possible  “varieties”  of  spark  and 
throttle,  without  any  result.  Sorely  puz¬ 
zled,  he  appeals  for  aid,  and  is  told 
that  it  is  the  clutch.  This  may 
be  working  properly,  it  may  be  slip¬ 
ping,  or  it  may  be  what  is  called 
ifests  itself  in  such  pleasant  situ- 
hill  when,  with  the  engine  run- 
speed  and  the  proper  gear 
starts  to  run  backward  in- 
on  the  level,  with  the  en- 
high  gear  in,  no  speed 
condition  shows  itself  in 
forward  of  the  car  when 
let  in,  and  it  may  even 
shear  off  the  bevel  driving 
studded  non-skid  tires  or 
slip  easily. 

slipping  clutch,  see  if  the 


Fig.  26.  Steering  Gear 
of  the  Peerless  Car. 


is  in  good  shape  but  has 
If  so,  wash  the  surface  well  with  gasoline, 
and  roughen  a  little  with  a  coarse  file. 

The  harsh  or  fierce  clutch  is  remedied  by  the  application  of  a 
proper  oil.  Neatsfoot  or  castor  oil  is  universally  used,  and  a 
good  way  is  to  soak  the  complete  clutch  in  it  over  night.  This  will 
cure  a  case  of  harsh  leather,  but  it  may  be  that  the  trouble  is  only 
a  lack  of  adjustment  of  spring  tension.  Usually  there  is  an  adjust¬ 
ing  nut  and  a  locking  nut.  Back  off  the  latter  and  make  an  adjust¬ 
ment,  then  tighten  the  lock  nut  to  retain  it.  For  the  beginner, 
it  is  better  to  adjust  a  little  at  a  time  and  make  several  succes- 


AUTOMOBILE  DRIVING 


31 


sive  jobs  of  it  than  to  try  to  do  it  all  at  once.  But  always  adjust 
it  as  soon  as  possible. 

CHAINS 

While  there  are  not  as  many  chain-driven  cars  as  there  were 
formerly,  still  there  are  now  and  always  will  be  a  number  of  the 
highest  powered  cars  driven  by  the  double-chain  method.  This 
is  an  efficient  drive,  mechanically  considered,  but  has  fallen  into 
disfavor,  because  of  its  noise  and  dirt.  Both  of  these,  however,  can 
be  reduced  to  a  minimum. 

The  owner  or  driver  of  a  chain-driven  car  should  learn  very 
early  in  his  driving  career  to  care  for  the  driving  chains  in  a  proper 
manner.  While  chains  have  been  known  to  run  an  entire  season 
without  any  care  or  additional  lubrication,  this  practice  is  to  be  dep¬ 
recated.  To  care  for  a  chain  properly,  one  should  get  into  the 
habit  of  lubricating  it  at  such  intervals  that  they  occur  before  the 
chain  is  in  need  of  the  oil.  In  addition  to  this  regular  lubrication 
there  should  be-  some  set  time  at  the  end  of  which  the  automobilist 
takes  the  chain  off,  cleans  it  thoroughly,  and  inspects  it  in  order  to 
detect  faults.  A  month  is  a  good  length  of  time  for  this.  An  ex¬ 
cellent  way  to  proceed  is  to  take  the  chain  off  and  let  it  soak  in  a  pan 
of  kerosene  over  night.  By  morning,  all  of  the  dirt  will  have  passed 
from  the  chain  to  the  liquid  and  can  be  found  at  the  bottom  of  the 
pan.  Clean  the  pan  and  put  the  chain  in  it  and  wash  off  with  gasoline 
all  traces  of  the  kerosene.  Having  done  this,  hang  the  chain  up  to 
let  the  gasoline  evaporate. 

The  chain  then  will  be  both  clean  and  dry.  Now  inspect  all 
rollers,  links,  rivets,  and  bushings,  taking  note  of  any  unusual  wear 
as  indicated  by  looseness  or  play.  If  defects  are  found,  they  should 
be  remedied.  Then,  having  the  chain  clean,  dry,  inspected,  and 
passed  upon  as  O.  K,  an  excellent  method  is  to  soak  it,  or,  better, 
boil  it  in  a  heavy  melted  lubricant.  The  best  quality  of  beef  tallow 
mixed  with  a  little  graphite  is  good.  Many  do  not  like  the  latter, 
j  in  which  case  a  high-grade  oil  may  be  substituted. 

LIGHTING  SYSTEMS 

Any  part  of  the  car  liable  to  be  put  to  use  should  have  intelligent 
care.  Thus,  the  lighting  system  is  used  only  at  night,  but  should 
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be  kept  in  first  class  order  at  all  times,  so  that  when  night  falls,  the 
whole  system  will  be  ready  to  go  to  work  at  once. 

ACETYLENE  SYSTEM 

Care  of  the  Generator.  The  interior  of  the  carbide  chamber 
or  basket  is  more  or  less  in  contact  with  the  water  distribution  appa¬ 
ratus  and  the  parts  of  both  apparatus  are  liable  to  clogging  by  the 
formation  of  lime  residue  in  the  generation  of  gas.  If  this  residue 
is  allowed  to  collect,  it  will  have  to  be  removed  with  a  chisel,  which 
is  a  ticklish  operation  in  a  light  construction  like  that  of  a  generator, 
especially  around  the  water  valve  or  its  outlet.  Acids  are  sometimes 
used  to  remove  the  deposit,  but  as  they  eat  the  metal,  their  use  should 
be  prohibited.  The  basket  and  pot  should  be  thoroughly  washed 
out  frequently  with  water,  the  water  outlets  being  cleaned  with 
special  brushes,  when  these  are  obtainable,  or  by  wires,  to  remove 
all  traces  of  lime.  The  water  valve  should  be  scraped  and  tested 
to  see  whether  it  seats  properly,  care  being  taken  not  to  damage  the 
valve  or  its  seat  in  so  doing.  While  the  valve  is  dismounted  for" 
cleaning  it  would  be  well  to  see  that  its  stem  is  straight  and  that  it 
works  with  some  ease  in  the  threaded  portion  attached  to  the  water 
chamber.  Both  generator  and  lamp  gas  valves  should  be  cleaned 
and  should  seat  snugly,  so  that  there  will  be  no  leakage  past  them. 

The  best  position  for  the  generator  is  on  the  running  board 
just  back  of  the  change-gear  quadrant,  and  sufficiently  far  out  from 
the  frame  to  allow  a  free  circulation  of  air  all  around  it.  The  genera¬ 
tor  will  keep  cool  in  this  position  and  will  perform  its  work  to  the 
best  advantage  when  properly  cooled. 

The  Much=Neglected  Condenser.  When  used  at  all,  the  con¬ 
denser  or  its  substitute  is  put  off  in  some  position  where  it  becomes 
caked  with  mud  and  is  almost  forgotten  until  it  is  full  and  the  lamps 
begin  to  flicker.  Then  the  mud  is  cleaned  from  it  and  it  is  drained 
out.  It  should  be  placed  so  that  it  is  close  to  the  lamps,  where  it  will 
catch  all  of  the  condensation  from  the  gas  going  to  the  burners,  and 
in  addition  any  water  that  may  enter  the  burners  due  to  washing  of 
the  car.  It  should  be  emptied  from  time  to  time,  say  once  or  even 
twice  a  month,  when  the  lamps  are  in  regular  use.  The  majority 
of  troubles  with  acetylene  lamps  are  due  to  lack  of  a  condenser  and 
to  the  use  of  too  small  metal  tubing. 
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Regarding  Tubing  and  Gas  Bags.  Copper  tubing  is  considerably 
used  for  piping  the  gas  to  the  burners,  but  it  is  liable  to  erosion  by 
the  gas,  and  standard  |-inch  iron  gas  pipe  is  better  and  lasts  longer. 
The  gas-bag  and  rubber  lamp  connections  should  be  kept  clean  and 
not  painted,  as  is  often  done  to  correspond  with  the  car,  as  paint  rots 
the  rubber,  with  the  result  that  it  is  soon  unserviceable  and  must  be 
replaced.  When  the  rubber  is  to  be  washed,  only  water  should  be 
used  and  the  goods  should  be  carefully  dried  before  putting  them  in 
service  again. 

Care  of  Rubber  Tubing.  On  gas-lamp  systems,  the  lamps  are 
connected  usually  by  means  of  short  pieces  of  rubber  tubing.  Aside 
from  the  fact  that  their  position  at  the  front  of  the  car  brings  them 
hard  usage,  mud,  dirt,  water,  etc.,  the  rubber  is  usually  so  short  that 
a  bending  stress  is  imposed  upon  it  all  of  the  time.  At  any  rate, 
this  tubing  depreciates  very  rapidly  and  needs  replacement  every 
season  and  generally  twice  a  season.  Instead  of  rubber  tubing,  a 
good  plan  is  to  get  the  covered  flexible  metal  hose  with  rubber  ends. 
This  does  the  same  work  and  is  practically  indestructible,  the  metal 
hose  lasting  a  lifetime. 

Location  of  Gas  Tank.  The  gas  tank  should  have  considerable 
thought  also.  If  the  car  is  used  very  much  at  night,  so  that  a  tank 
full  of  gas  does  not  last  very  long,  the  position  of  the  tank  and  its 
easy  removal  and  replacement  are  of  prime  importance.  On  the 
other  hand,  no  matter  how  much  the  car  is  driven,  it  is  important  to 
have  the  tank  so  located  that  the  driver  can  see  the  gage  on  it  readily. 
Generally  the  tank  is  carried  on  the  upper  or  under  side  of  one  of 
the  running  boards.  This  makes  a  first-class  position,  except 
when  much  country  driving  is  done,  in  which  case  the  bottom 
side  location  is  a  poor  one,  subjecting  the  tank  to  much  water, 
mud,  and  other  road  dirt,  as  well  as  actual  contact  with  the  road 
in  places. 

In  many  cars,  the  copper  tubing  which  leads  to  the  lamps  is 
placed  up  close  to  the  frame,  sometimes  inside  the  channel  section. 
This  is  an  excellent  plan  for  it  protects  the  copper  tubing  which  is 
easily  broken  or  bent  enough  to  shut  off  the  flow  of  gas.  Where 
.such  is  not  the  case,  the  motorist  would  do  well  to  see  if  it  can 
not  be  moved  to  that  place,  or  otherwise  protected  so  that  it  will  be 
impossible  to  dent,  bend,  or  break  it. 
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Care  of  the  Lamp.  It  goes  without  saying  that  the  burners 
should  be  kept  clear,  wires  being  passed  through  the  gas  apertures 
and  the  air  apertures  at 
intervals.  The  burners 
should  be  unscrewed  oc¬ 
casionally,  air  blown 
through,  and  the  interior 
of  the  burner  body  scraped 
clean  of  deposit.  Outside 
of  keeping  the  lenses  and 
glasses  bright  and  polish¬ 
ing  the  exterior  of  the  lamp, 
there  need  be  no  other  at¬ 
tention  paid  except  to  keep 
all  joints  and  the  bracket 
screws  or  nuts  tight. 

Caring  for  Acetylene 
Lamp  System.  As  there  is 
little  night  running  during 
the  winter  months,  the 
acetylene  lighting  system 
is  more  or  less  neglected,  the  generator  being  left  with  stale  or  par¬ 
tially  used  carbide  in  the  chamber,  and  the  residue  being  allowed  to 
clog  up  the  water  port  and  the  waste  ports.  The  rubber  lamp  con¬ 
nections  and  gas  bag  suffer  also  by  deterioration  as  well  as  the  burners 
and  gas  valves.  For  the  proper  maintenance  of  the  system,  strict 
cleanliness  should  be  maintained  at  all  times  and  the  various  parts 
should  be  examined  and  replaced  from  time  to  time  as  necessary. 
The  results  of  neglect  are  seen  every  spring  in  lime  deposits  which 
have  to  be  removed  by  means  of  a  cold  chisel,  in  porous  connections, 
and  in  clogged  burners  which  resist  the  cleaning  wire  and  necessitate 
the  scraping  of  the  burners.  By  following  the  accompanying  direc¬ 
tions,  the  automobilist  can  depend  on  having  his  lighting  system  in 
good  shape  whenever  he  desires  to  use  it. 

Lining  up  Lamps.  If  there  is  anything  which  is  more  noticeable 
than  lamps  out  of  line,  i.e.,  one  farther  forward  than  the  other, 
the  writer  has  failed  to  notice  it.  Drivers  can  avoid  this  “sloppy” 
appearance  of  their  cars  by  simply  taking  a  five-foot  straightedge, 
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and  lining  the  lamps  up  in  a  proper  manner,  Fig.  27.  This  does  not 
need  to  be  done  often,  for  the  lamps  do  not  work  out  of  position,  so 
if  well  done  at  first,  they  will  always  appear  well.  Since  the  lamps  have 
considerable  breadth,  and  may  be  assumed  to  be  made  square,  by 
placing  one  and  fastening  it,  the  straightedge  will  indicate  the  proper 
position  of  the  other.  With  that  placed,  the  straightedge  may  be 
called  upon  again,  to  decide  if  they  line  up  correctly.  If  they  do, 
tightening  the  bolts  locates  the  lamps  so  that  they  not  only  look 
right  but  are  right. 

ELECTRIC  LIGHTING  SYSTEM 

Care  of  Storage  Battery.  Evidently,  in  an  electric  lighting  sys¬ 
tem,  the  storage  battery  is  one  of  the  most  important  units  in  the 
system  and  should  be  kept  in  good  condition.  This  is  filled  with  a 
liquid  called  the  electrolyte  or  acid  solution.  When  the  battery  is 
in  constant  use,  the  electrolyte  deteriorates  and  loses  its  strength, 
which  is  shown  by  its  reduced  specific  gravity.  Consequently,  it 
becomes  necessary  for  every  owner  to  have  a  specific  gravity  hydrom¬ 
eter  with  which  to  measure  this.  In  general,  the  reading  on  the 
arbitrary  scale  of  this  instrument  should  be  above  1.275,  while  1.280 
is  recommended.  When  the  owner  tries  the  battery  and  it  does  not 
come  up  to  this  figure,  he  should  run  the  engine  long  enough  to  raise 
the  gravity  to  this  point.  If  the  battery  is  looked  after  every  two 
weeks,  it  will  be  found  that  running  the  engine  for  an  hour  or  less  will  do 
the  trick,  but  if  not  cared  for  oftener  than  once  a  month,  it  will  have 
to  be  run  much  longer  than  that.  In  addition,  the  owner  is  taking 
a  chance  of  spoiling  the  battery  by  letting  this  simple  inspection  go. 

In  case  the  battery  gets  low  when  the  car  is  not  in  use  as,  for 
instance,  when  the  car  is  stored  for  the  winter,  the  best  plan  is  to 
empty  it.  This  should  be  done  as  follows:  Charge  the  battery 
fully,  either  by  running  the  engine,  by  means  of  a  separate  charging 
rheostat  or  mercury  rectifier,  or  by  taking  the  battery  out  and 
taking  it  to  some  garage  which  has  charging  facilities.  In  this  case, 
it  should  be  charged  until  it  “gasses”  freely,  that  is  until  a  consider¬ 
able  quantity  of  gas  bubbles  up  through  the  liquid  and  is  given  off. 
Then  empty  each  cell  of  electrolyte,  remembering  that  this  is  an  acid 
and  will  attack  ordinary  pipes  or  drains.  When  all  the  liquid  has 
been  cleaned  out,  the  cells  should  be  washed  or  rinsed  with  distilled 
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water  or,  if  this  is  not  available,  with  clean  rain  water.  This  should 
be  done  thoroughly,  rinsing  at  least  twice  and  preferably  three  or 
more  times.  Then  replace  the  plates  and  seal  the  case  with  paraffine 
or  wax,  sealing  as  well  all  vent  plugs,  the  small  holes  in  the  center 
and  all  around  the  edges,  so  that  no  air  can  get  in.  This  is  done  to 
retain  the  moisture  on  the  plates,  as  that  keeps  them  in  good  condition ; 
otherwise  they  would  dry  out  and  lose  their  active  properties.  When 
it  is  desired  to  use  the  battery  again,  new  electrolyte  must  be  put  in. 

The  reason  why  the  battery  should  be  fully  charged  before 
emptying  off  the  liquid  is  that  a  large  part  of  the  active  material 
making  up  the  battery  plates  is  likely  to  be  in  solution.  Thus,  it 
would  be  thrown  away  with  the  electrolyte  and  wasted.  The  plates 
could  then  never  be  restored  to  their  former  good  condition,  and 
after  very  little  more  use,  new  ones  would  be  necessary.  Conse¬ 
quently,  while  charging  the  battery  before  taking  it  down  to  put 
out  of  use  for  a  fairly  long  period  may  look  foolish,  it  really  is  a 
wise  and  economical  thing  to  do. 

In  addition,  the  following  points  are  of  importance  in  the  loca¬ 
tion,  fastening,  and  care  of  the  battery.  Such  of  these  as  the  manu¬ 
facturer  of  the  car  has  not  attended  to,  the  owner  of  the  car  should 
look  after.  Above  all  the  battery  must  be  accessible — for  repairs 
or  replacements  when  such  become  necessary;  for  testing,  as  pointed 
out  previously;  and  for  the  addition  of  water  to  the  electrolyte. 
The  compartment  in  which  the  battery  is  kept  should  be  well  ven¬ 
tilated  and  drained,  should  be  protected  so  as  to  keep  out  water,  oil, 
or  dirt,  and  must  be  so  located  and  constructed  that  there  is  no 
opportunity  to  lay  things  on  top  of  the  battery.  The  battery 
should  have  free  air  spaces  on  all  sides,  should  rest  on  cleats  rather 
than  on  solid  boards,  and  should  have  holding  devices  which  grip 
the  case  or  the  handles,  never  the  cell  itself  or  the  terminals  or  top 
part.  The  cover,  too,  should  be  so  constructed  as  not  to  press  down 
upon  or  touch  the  cell  tops  or  terminals. 

Care  of  Generator  or  Motor.  The  generator,  or  motor,  or  com¬ 
bination  unit,  is  constructed  usually  so  as  to  require  little  or  no 
attention.  At  each  end  of  the  armature  there  is  a  bearing,  and 
usually  just  above  this  is  located  an  oil  cup  or,  in  some  cases,  a 
grease  cup.  These  should  be  kept  filled,  as  in  the  ordinary  case  of 
a  grease  or  oil  cup.  One  maker  recommends  three  or  four  drops  of 
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oil  every  1000  miles,  another  suggests  a  drop  of  oil  every  week,  and 
a  third  a  turn  of  the  grease  cup  every  two  weeks. 

The  commutator  should  never  be  oiled;  on  the  contrary  if  oil, 
grease,  or  other  lubricant  gets  on  it,  trouble  will  result,  necessitating 
wiping  it  clean.  As  the  copper  surface  of  this  part  wears  from  the 
constant  contact  (rubbing)  of  the  collecting  brushes  upon  it,  it  is 
liable  to  wear  unevenly.  When  this  happens,  or  when  the  surface 
becomes  blackened  or  rough  from  any  cause,  it  should  be  trued  up 
by  pressing  on  it,  while  running,  a  piece  of  fine  sandpaper.  This 
should  be  done  very  carefully,  using  sandpaper  only — never  use 
emery  paper  or  loose  emery — and  that,  too,  only  of  the  finest  size. 
When  the  surface  has  been  cleaned  or  smoothed  up  to  an  even  bright 
surface,  all  particles  of  dust,  sand,  or  metal  should  be  removed  from 
its  surface,  using  particular  care  not  to  leave  any  metal  filings  or 
dust  between  the  copper  segments.  If  these  cannot  be  removed 
otherwise,  blow  them  out  with  the  breath  or  an  air  hose.  In  addi¬ 
tion,  the  carbon  dust  which  has  worn  off  the  brushes  should  be 
blown  out  of  the  bottom  of  the  case. 

Driving  Members.  When  the  generator  is  driven  or  the  motor 
drives  through  any  form  of  chain,  this  should  have  occasional  atten¬ 
tion.  All  chains  stretch  more  or  less,  although  silent  chains,  which 
are  used  for  this  purpose  usually  do  not  stretch  as  much  as  roller  or 
block  chains.  Moreover,  looseness  in  a  silent  chain  is  not  a  fault, 
as  they  are  used  loose.  Slackness  on  a  block  or  roller  chain,  how¬ 
ever,  is  a  fault  and  must  be  remedied  by  tightening.  All  chains 
require  lubrication,  using  ordinary  lubricating  oil.  This  should  be 
used  frequently,  the  exact  frequency  depending  upon  the  amount 
the  car  is  used.  It  is  recommended  that  the  chain  length  be  ad¬ 
justed  just  after  the  first  1000  miles  has  been  concluded,  and  then 
not  again  until  10,000  miles  have  been  traversed. 

Carbon  Brushes.  The  brushes  which  press  down  upon  the 
copper  commutator,  and  thus  collect  the  current,  are  of  considerable 
importance.  All  makers  unite  in  recommending  the  use  of  the  very 
best  carbon  obtainable,  regardless  of  cost.  A  poor  brush  with  hard 
or  soft  spots  in  it  will  cause  endless  trouble.  The  whole  end  of  the 
brush  must  be  in  contact  with  the  commutator,  not  just  one  small 
edge.  Brushes  should  be  free  in  their  holders,  that  is,  they  should 
not  stick.  If  they  do,  they  should  be  removed  and  cleaned  of  any 
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dirt,  grease,  or  foreign  matter  which  causes  this  sticking.  At  least 
one  of  the  brushes  is  entirely  insulated  from  the  generator  case  and 
is  connected  to  the  field  winding.  This  is  done  for  regulation  pur¬ 
poses,  and  the  owner  should  never  change  or  disturb  this  brush. 

Care  of  Wires.  It  is  highly  important  that  all  wires  be  kept 
whole,  covered  with  insulation,  well  joined,  soldered  and  taped  at 
all  connecting  points,  and  as  free  as  possible  from  liquids.  The 
latter,  as  water,  oil,  etc.,  soak  through  the  insulation  and  when  this 
reaches  the  inner  wire,  a  short-circuit  path  is  formed  because  liquids 
will  conduct  electric  current.  In  general,  it  is  not  sufficient  to  twist 
the  ends  of  wire  together;  they  should  be  joined  as  carefully  as 
possible,  then  soldered  together  so  as  to  make  a  perfect  connection, 
then  the  whole  thoroughly  covered  with  insulating  tape,  wound 
on  as  carefully  as  time  will  permit. 

The  connector  plugs  at  the  lamps  sometimes  show  a  current 
leak.  These  should  make  close  contact  (both  halves)  and  the  main 
connection  should  be  well  soldered  and  protected.  If  the  wires 
within  the  lamp  are  not  tightly  connected  or  carefully  insulated,  no 
light  will  result  and,  in  addition,  a  short  circuit  may  result.  Prac¬ 
tically  everything  which  has  been  said  about  care  of  wiring  under 
ignition  applies  with  equal  force  to  lighting  wires. 

ROAD  REGULATIONS  AND  PRECAUTIONS 

Early  in  his  driving  career  the  novice  should  cultivate  a  sense  of 
fairness  toward  other  drivers  of  automobiles,  toward  vehicles  other 
than  automobiles,  and  toward  pedestrians.  There  is  too  little  of 
this,  and  it  may  be  said  without  fear  of  contradiction  that  this 
absence  has  done  much  in  the  past  to  retard  the  development  of  the 
automobile  in  rural  districts;  in  fact,  it  has  brought  out  a  feeling  of 
antipathy  there  which  is  but  now  being  dissipated. 

Passing  Horses  on  the  Road.  The  majority  of  horses  encoun¬ 
tered  on  roads  frequented  by  automobiles  to  any  extent  pay  com¬ 
paratively  little  attention  to  them,  even  when  passed  at  fairly  high 
speed,  and  of  the  remainder  it  is  safe  to  say  that  most  are  not  nearly 
so  alarmed  as  their  drivers,  who  communicate  the  alarm  to  the 
horses  through  sawing  on  the  bit,  shouting,  or  dropping  the  reins.  The 
exceptions  are  young  horses  or  those  which  have  not  been  given 
sufficient  road  driving.  In  passing  horses,  the  autoist  should  not  only 
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observe  the  actions  of  the  horse,  but  also  those  of  the  driver.  If  the 
horse  exhibits  signs  of  being  restive,  the  voice  has  a  very  quieting 
effect.  Expressions  such  as  “Whoa,  boy,”  said  in  a  reassuring  tone  will, 
in  many  cases,  be  sufficient  to  soothe  the  animal  until  the  car  can  pass. 

The  best  manner  in  which  to  pass  a  standing  horse  headed  in 
the  same  direction  as  the  car  is  to  cross  to  the  far  side  of  the  road  and 
drive  by  quietly  at  the  legal  speed.  The  horse  will  be  only  slightly 
startled,  if  at  all,  and  will  not  bolt  or  back,  as  the  alarming  object 
and  its  terrors  are  gone.  More  care  is  necessary  in  passing  a  horse 
headed  in  the  opposite  direction,  as  the  animal  can  see  the  car  coming 
and  has  time  to  become  fidgety.  If  the  driver  has  the  animal  under 
control,  the  car  can  be  driven  past  at  the  regular  pace  unless  signs  of 
fright  are  seen,  when  the  car  should  be  slowed  down,  or  stopped  if 
necessary.  The  car  should  pass  on  the  opposite  side  of  the  road  and 
as  soon  as  it  is  by,  speed  can  be  increased  in  order  to  get  out  of 
hearing  as  soon  as  possible. 

Procedure  in  Leading  a  Horse.  It  may  be  necessary  in  some 
cases  to  stop  both  car  and  motor  and  lead  the  horse  past  the  car. 
A  number  of  accidents  have  occurred  in  so  doing  by  the  horse  freeing 
his  head  from  the  bridle  through  improper  leading.  Both  reins  should 
be  taken  in  the  right  hand,  Fig.  28,  about  6  inches  from  the  bit  and 
the  horse  patted  and  reassured  by  the  voice.  The  autoist  should  then 
face  forward  and  start  off,  walking  alongside  the  horse’s  head  until 
past  the  car.  Should  the  animal  rear,  the  grip  on  both  reins  prevents 
him  from  tearing  free  from  the  bridle  and  bolting.  The  usual  mis¬ 
takes  made  in  leading 
are  in  grasping  one  rein 
only — which  hurts  the 
horse’s  mouth  and  may 
break  the  bridle — and 
walking  backward  while 
leading  the  horse  along. 
As  a  horse  will  not  will¬ 
ingly  walk  over  a  man 
and  as  this  is  the  position  usually  assumed  by  drivers  when  hitting 
the  animal  over  the  head,  the  operation  instead  of  having  a  soothing 
effect,  alarms  and  confuses  him.  Another  situation  requiring  care 
is  shown  in  Fig.  29. 
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Passing  cattle  or  other  animals  than  horses  (which  have  con¬ 
siderable  intelligence)  is  a  difficult  job.  Usually  it  requires  con¬ 
siderable  patience,  much  tact,  and  lots  of  time.  The  best  plan 
when  meeting  a  herd  of  cattle  or  other  animals  on  a  country  road 
is  to  drop  down  into  a  low  gear  at  once,  so  that  the  car  will  just 
crawl  along.  When  moving  at  a  very  slow  speed,  animals  do  not 
seem  to  be  frightened  at  the  car  as  much  as  when  it  travels  rapidly. 
In  addition,  it  allows  the  driver  to  stop  more  quickly  if  a  cow  should 
take  a  stand  directly  in  front  of  the  machine,  as  is  often  the  case. 

Caution  Needed  in  Overtaking  Vehicles.  There  are  two  general 
principles  to  be  remembered  in  overtaking  or  passing  vehicles  on 
the  road.  These  are:  Be  sure  there  is  a  clear  way  ahead  before 
the  overtaking  or  passing  is  attempted,  and  never  cut  things  so  fine 
that  a  swerve  on  the  part  of  the  other  man  will  cause  a  mishap.  Quite 
a  large  proportion  of  road  collisions  come  from  either  of  the  parties 
concerned  taking  chances  that  the  other  will  do  the  right  thing,  which 
seldom  happens.  In  overtaking  another  vehicle,  care  should  be 
taken  to  ascertain  that  the  driver  is  aware  of  your  presence,  par¬ 
ticularly  if  he  is  driving  a  covered  vehicle  or  one  that  is  noisy.  It 
is  often  difficult  to  make  the  other  man  hear,  and  the  chances  of  his 
swinging  out  are  too  great  to  warrant  any  risk  being  taken.  A  tend¬ 
ency  on  the  part  of 
the  driver  to  turn  off 
to  the  side  of  the  road, 
apparently  to  let  the 
autoist  go  by,  may  be  the 
result  of  an  involuntary 
pull  on  the  reins  or  may 
have  been  done  to  avoid 
a  bad  place  in  the  road, 
and  this  turning  off  is 
often  followed  by  an 
equal  swing  in  the  op¬ 
posite  direction.  In  fol¬ 
lowing  a  vehicle  the 
autoist  should  not  keep 
in  the  other  vehicle’s  tracks,  but  should  stand  off  diagonally  so  that 
he  or  one  of  the  passengers  in  the  car  can  see  the  road  ahead  and 


Fig.  29.  Passing  Cattle  on  a  Country  Road 
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observe  the  actions  of  other  vehicles.  Sufficient  distance  should  be 
kept  so  that  the  autoist  can  turn  in  behind  the  leading  vehicle  in  case 
of  the  sudden  appearance  of  others  coming  in  the  opposite  direction. 

New  Narrow  Roadways.  The  newest  method  of  building  roads 
with  a  narrow  strip  of  hard  road — concrete,  brick,  or  asphalt — 
down  the  center  has  made  considerable  difference  in  the  method  of 
country  driving.  For  one  thing,  this  narrow  strip  of  say  16  or  18 
feet  width  down  the  middle  of  a  70-,  80-,  or  100-foot  roadway  neces¬ 
sitates  more  care.  The  better  road  surface  permits  of  more 

speed,  of  which  nearly 
everyone  takes  advan¬ 
tage,  this  in  itself  con¬ 
stituting  an  additional 
source  of  danger.  As  is 
pointed  out  in  Fig.  30, 
which  shows  one  of  these 
modern  roads,  only  the 
center  strip  is  hard,  while 
the  sides  are  usually  left 
of  soft  dirt.  From  the 
fact  that  no  one  uses  the 
side,  it  remains  soft,  too, 
so  that  a  sudden  turn  off 
from  the  road  surface 

Fig.  30.  New  Narrow-Type  of  Roadway  Requires  More  pitVipr  hv  florifipnt  nr 

Careful  Driving  eiUlCI  uy  diluent  ui 

through  necessity  will 
bring  the  car  up  somewhat  short.  The  narrowness  of  the  center 
part  emphasizes  the  need  for  each  driver  to  keep  to  his  right  side, 
hugging  the  outer  edge  as  closely  as  is  possible,  so  that  other  cars 
approaching  will  have  plenty  of  clearance  at  the  center  of  the  road. 

Passing  Moving  and  Stationary  Vehicles.  The  chief  point  to  be 
remembered  in  passing  moving  vehicles  is  always  to  allow  plenty  of 
room  for  both.  The  passing  of  another  vehicle  so  closely  that  there 
is  hardly  room  for  a  sheet  of  paper  between  them,  may  be  looked  upon 
as  brilliant  driving,  but  sooner  or  later  someone  will  miscalculate 
and  an  accident  will  occur.  All  passing  should  be  done  according 
to  the  rule  of  the  road  prevailing  in  the  section  of  the  country  in  which 
the  car  is  being  driven,  as  the  great  majority  of  road  users  follow  this 
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rule,  and  in  case  of  accident  the  vehicle  which  held  to  the  proper 
side  of  the  road  is  generally  exonerated  in  the  courts.  In  passing 
stationary  vehicles  or  those  about  to  start,  a  strict  lookout  ahead 
should  be  kept  for  pedestrians  or  vehicles  suddenly  emerging  from 
the  rear,  or  in  the  case  of  a  trolley  car,  for  alighting  passengers  and 
those  rushing  to  board  the  car.  It  is  not  sufficient  to  blow  the  horn 
and  count  on  its  being  heard  by  those  behind  the  other  vehicle.  The 
chances  are  that  the  sound  has  not  been  heard,  and  nothing  but  slow 
speed  can  be  indulged  in  with  safety.  The  same  need  of  slow  speed 
and  extreme  caution  occurs  in  overtaking  stationary  vehicles  as  in 
passing  them. 

Passing  on  the  Wrong  Side.  As  a  rule,  all  vehicles  should  be 
passed  on  the  proper  side  according  to  the  rules  of  the  road,  but  there 
are  occasions  when  it  is  unsafe  to  pass  in  this  manner  and  the  autoist 
has  either  to  pass  on  the  wrong  side  or  to  wait  until  conditions  are 
such  as  will  allow  him  to  pass  according  to  rule.  Such  an  occasion 
often  presents  itself  in  overtaking  a  heavily  loaded  vehicle  or  one 
which  has  been  disabled  and  has  not  been  withdrawn  to  the  side  of 
the  road.  Once  a  loaded  van  or  truck  leaves  the  crown  of  the  road, 
it  has  some  difficulty  in  getting  back  again,  especially  if  drawn  by 
horses,  and  the  driver  will  generally  refuse  to  turn  aside  except 
for  other  equally  heavy  vehicles.  As  the  autoist  is  conducting  a 
vehicle  of  superior  speed  and  mobility  to  that  of  the  truck,  the 
latter  can  be  considered  as  a  stationary  object  for  the  time  being 
and  passed  on  the  wrong  side,  provided  the  road  is  clear.  The 
situation  is  shown  in  the  sketch,  Fig.  31,  where  B  is  a  truck  and  A  is 
a  car  about  to  pass  the  truck.  The  road  being  clear,  car  A  can  take 
the  course  a,  passing  the  truck  on  the  wrong  side.  Should  course  b 
be  taken,  a  collision  is  likely  to  occur  between  the  car  and  another 
car  C  proceeding  in  the  opposite  direction,  unless  great  caution  is 
exercised  by  both  drivers.  If  there  is  any  doubt  as  to  the  road  not 
being  clear,  the  autoist  should  take  no  chances  but  wait  until  the 
way  on  the  left  of  the  truck,  course  6,  is  clear  and  then  pass  on  the 
proper  side.  Situations  like  the  above  occur  from  time  to  time  on 
the  road  and  the  autoist  should  use  his  judgment  in  coping  with  them. 
Legally  it  is  not  justifiable  to  depart  from  the  rules  of  the  road 
except  to  avoid  accidents,  and  this  should  be  borne  in  mind  at  all 
times. 
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Proper  Negotiation  of  Road  Crossings.  In  approaching  road 
crossings  the  autoist  should  slow  down  to  a  speed  at  which  he  can  pull 
up  on  the  brake  within  the  length  of  his  car,  and  blow  his  horn  for 
the  purpose  of  warning  other  road  users  of  his  presence.  As  the  car 
approaches  the  crossing,  a  sharp  lookout  should  be  kept  for  traffic 

on  the  intersecting  road, 
and  as  soon  as  the  way 
is  seen  to  be  clear  the 
crossing  should  be  taken 
as  quickly  as  possible. 
Particular  care  should  be 
exercised  at  crossings 
where  one  road  is  par¬ 
tially  or  totally  hidden 
from  the  other  until  the 
crossing  is  reached,  especially  in  the  smaller  towns,  as  light  carts, 
bicycles,  or,  in  fact,  vehicles  of  any  kind  frequently  emerge  from 
the  side  road  at  speed  and  in  the  most  careless  manner,  even  when 
those  in  control  are  unable  to  see  anything  that  is  approaching  on 
the  main  road.  In  anticipation  of  such  performances  the  car 
should  be  kept  to  the  center  of  the  road  so  as  to  be  able  to  turn 
aside  to  avoid  a  collision,  for  if  the  horn  has  been  blown,  there 
is  no  way  of  knowing  that  the  driver  of  the  other  vehicle  has  heard 
it.  Even  if  vehicles  on  the  intersecting  road  can  be  seen,  great 
caution  must  be  exercised,  as  there  is  no  indication  that  they  are 
going  to  continue  along  the  side  road  nor  in  which  direction  they 
will  turn  into  the  main  road.  Passing  partially  hidden  road  cross¬ 
ings  at  speed  is  absolutely  dangerous  because  of  the  long  chances 
which  reckless  autoists  take  at  such  places. 

On  Approaching  a  Blind  Turn.  Frequently  encountered  in  su¬ 
burban  towns  is  the  blind  turn,  where  a  cross  street  or  road  terminates 
in  one  of  the  main  roads  and  the  view  from  either  road  is  obscured 
by  buildings  or  fences  until  the  turn  is  reached.  At  such  turns  the 
chances  of  accident  are  greater  than  at  road  crossings,  as  at  these 
latter  places  an  autoist  has  three  directions  in  which  he  can  turn  to 
escape  collision,  while  at  blind  turns  there  are  but  two,  with  the  chances 
in  favor  of  the  car-on  the  side  road.  Referring  to  the  sketch,  Fig.  32, 
A  is  a  car  about  to  enter  the  main  road  and  proceed  thereon  in  the 
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Fig.  31.  Case  Where  Passing  on  the  Wrong 
Side  is  Excusable. 
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right-hand  direction,  and  B  and  C  are  cars  coming  along  the  main 
road.  Owing  to  the  high  fence  on  one  side  and  the  building  on  the 
other,  A  cannot  be  seen  from  B  or  C  until  the  lines  ax  and  bx  are 
reached,  neither  can  B  nor  C  be  seen  from  A.  The  sound  of  a  horn 
from  either  road  likewise  cannot  be  heard  from  the  other.  Under 
the  circumstances,  car  B  should  keep  to  the  center  of  the  road  as  in 
negotiating  road  crossings,  and  car  C  should  keep  to  the  right-hand 
side  of  the  road  and  proceed  cautiously.  When  the  car  A  makes 
the  turn  into  the  main  road,  it  should  take  the  path  shown  by  the 
dotted  . line,  swinging  well  out  to  avoid  a  possible  collision.  Car  B 
has  thus  an  opportunity  to  turn  aside  and  avoid  A.  Should  A  turn 
to  the  left  into  the  main  road,  car  C  is  in  no  danger  even  if  the  driver 


Fig*  32.  How  to  Negotiate  a  Blind  Turn 


of  the  former  car  cuts  the  corner  closely.  The  positions  shown  in  the 
sketch  should  be  assumed  at  all  times  when  approaching  a  blind  turn 
whether  the  presence  of  a  car  on  the  other  road  is  known  or  not. 

The  French  experts  consider  the  above  an  excellent  argument 
in  favor  of  the  left-hand  location  of  the  control,  i.  e.,  the  driver 
with  all  of  the  steering  and  controlling  mechanism  located  on  the  left 
rather  than  on  the  right.  The  way  the  argument  goes  is  like  this — 
a  man  sitting  on  the  left  can  see  farther  around  a  blind  turn  like  the 
one  just  described  than  a  man  located  on  the  right.  Therefore  the 
driver  placed  at  the  left  would  be  able  to  avert  a  fatal  collision  more 
easily. 

Operation  of  Left=Hand  Drive.  The  idea  that  the  left-side 
location  of  the  driver — in  opposition  to  the  method  on  horsedrawn 
vehicles,  which  was  adopted  at  first — is  the  better  and  safer  method 
is  growing  very  rapidly  in  this  country,  as  witnessed  by  the  large 
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number  of  makers  turning  toward  it  as  the  final  solution.  With 
the  big  producers  and  real  leaders  like  Ford,  General  Motors,  Hudson, 
Chalmers,  Packard,  Locomobile,  and  others  turned  toward  it,  there 
was  no  question  how  the  balance  of  the  industry  would  go.  Now, 
in  1916,  there  are  altogether  11  chassis  left,  including  Pierce  with  3, 
Fiat  with  2,  Stutz  2,  Dispatch,  Morse,  and  Simplex  2.  The  latter, 
however,  uses  left  drive  on  the  Simplex-Crane,  its  leader  which  is 


Older  Form  :-  Driver  on  Right  Side- 
Levers  on  Right  Side  Outside,  Losing 
Ground. 


Modification  of  Older  Form:-  Driver  on 
Right  Side  -  L  evers  in  Center- Operated 
bg  Left  Hand:  Not  Generally  fldopled 


Fig.  33. 


Oulside  to  be  Worked  bu  Left 
Hand. 


into  General  l/se.  Replacing  Olher 
Forms.  Driver  on  Left  Side  -  L evers 
in  Center-  Operated  by  Right  Hand 


Various  Control  Arrangements 


being  pushed,  which  may  foreshadow  its  use  on  all  Simplex  models 
shortly.  There  would  then  be  but  five  firms  left. 

Advantages.  The  advantages  of  left-sided  location  are  being 
admitted,  but  as  to  the  lever  location  there  has  been  more  argument. 
When  the  first  changes  from  the  right  side  to  the  left  were  made, 
many  changed  the  levers  over  also,  placing  them  on  the  outside  as 
before,  which  brought  them  to  a  position  where  the  left  hand  had  to 
be  used,  which  did  not  become  popular.  In  Fig.  33  are  shown  the 
four  locations.  The  first  and  second  indicate  the  original  position 
and  the  shift  just  mentioned.  The  third,  which  was  tried  by  a  num¬ 
ber  of  makers,  was  to  leave  the  driver  on  the  right  but  shift  the 
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levers  to  the  center,  to  gain  the  constructional  advantages  and  saving 
which  go  with  that  position.  As  will  be  seen  when  the  advantages 
of  the  left-sided  location  are  pointed  out,  this  gained  nothing  for  the 
driver.  Like  the  second  form  it  represented  a  makeshift,  and  did 
not  become  popular.  The  fourth  form,  which  is  now  becoming 
popular,  gives  the  driver  all  the  left-side  advantages  as  well  as 
right-hand  operation  of  the  levers,  while  at  the  same  time,  it  gives 
the  manufacturer  all  the  savings  of  parts,  weight,  etc.,  in  fact,  all 
the  constructional  advantages  of  the  center  positioning  of  levers. 

The  advantages  to  the  driver  are  pointed  out  graphically  in 
Fig.  34.  There  are  six  parts  to  this,  as  follows:  At  A  is  indicated 
the  advantage  of  being  on  the  left  when  overtaking  and  about  to 
pass  a  vehicle  going  in  the  same  direction,  but  meeting  one  going 


Fig.  34.  Advantages  of  Left-Hand  Control 


in  the  opposite  direction  at  the  same  time.  Here  the  position  nearer 
4he  center  of  the  road  enables  him  to  see  past  the  car  in  front  and 
thus  see  the  approaching  vehicle  much  more  quickly  than  if  he  had 
been  on  the  right.  Moreover,  it  enables  him  to  see  this  approaching 
danger  in  time  to  check  his  own  car  or  turn  in  back  of  the  car  ahead. 
With  right-hand  position,  he  would  have  to  go  several  feet  farther 
to  the  left  and  many  more  forward  before  this  situation  could  be 
seen  as  clearly  and  then  it  might  be  too  late  to  check  the  car. 

In  climbing  a  hill  with  the  road  curving  to  the  left,  the  driver 
can  see  what  is  ahead  of  him  more  quickly  from  the  left  side,  as  is 
pointed  out  at  B.  At  C  is  shown  (by  the  dotted  lines)  how  a  driver 
can  see  ahead  of  him,  back  of  him,  and  in  other  directions  from 
which  other  cars  might  come,  when  turning  a  corner,  either  to  the 
left  or  to  the  right.  Allowing  the  front  seat  passengers  to  dismount 
at  the  curb,  as  shown  in  D,  instead  of  in  the  middle  of  the  street 
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was  early  recognized  as  a  big  left-side  advantage.  With  a  runabout, 
this  becomes  of  extreme  importance. 

In  addition  to  traffic  ahead,  it  is  highly  important  to  be  able  to 
see  traffic  behind.  As  pointed  out  at  E,  the  left  position  allows  the 
driver  to  see  what  is  behind  him  more  easily  than  would  the  right 
location.  On  narrow  roads  and  in  the  country,  drivers  generally 
drive  faster  than  in  the  wider  streets  of  the  city  and  suburbs.  In 
such  a  case,  when  overtaking  another  vehicle  one  passes  to  the  left. 
The  desire  to  give  plenty  of  space  between  the  two  cars  is  minimized 
by  the  fact  that  a  person  must  take  the  wrong  side  to  get  by.  This 
results  in  a  minimum  of  clearance  between  the  cars  and,  in  the  case 
of  the  overtaking  car,  a  safe  clearance  at  the  ditch.  Left-side  loca¬ 
tion  allows  the  first  car  to  look  after  the  clearance,  while  the  driver 
of  the  other  car  can  look  out  for  the  ditch.  This  is  pointed  out  at  F. 

City  Driving.  Driving  in  the  city  is  very  different  from  driving 
in  the  country  and  calls  for  a  different  method  of  conducting  the  car 
and  different  tactics  in  general.  In  the  former,  it  is  safest  to  assume 
that  there  is  someone  else  on  the  street  at  all  times,  either  other 
vehicles  ahead  on  the  street,  other  vehicles  behind  on  the  street,  or 
persons  on  the  sidewalks  who  may  possibly  come  into  the  street 
ahead  from  other  cross  streets.  All  of  these  contingencies  must  be 
provided  against  by  driving  slowly  and  carefully,  with  an  eye  for 
every  side,  the  car  under  complete  control,  the  hand  close  to  the 
horn  so  as  to  sound  a  warning  signal,  in  short,  with  the  driver  and 
car  ready  for  anything  which  might  happen. 

In  the  country,  on  the  other  hand,  there  may  be  no  vehicles 
in  sight  either  ahead  or  behind;  there  may  not  be  a  cross  road  for 
miles;  there  are  few  people  around  and  little  possibility  of  their 
cutting  across  the  road;  the  speed  limits  are  higher;  in  every  way 
the  possibilities  for  danger  or  trouble  are  very  remote. 

In  such  a  situation,  there  is  less  need  for  instantaneous  care, 
the  car  can  be  driven  more  rapidly,  with  less  need  for  brakes  and 
clutch,  also  horn,  while  the  driver  can  have  more  mental  ease  and 
thus  take  more  comfort  in  driving. 

Not  enough  drivers  consider  the  man  behind.  Moreover, 
there  is  a  certain  element  of  danger  to  one’s  own  car,  when  the  man 
back  of  you  is  not  warned  quickly  enough  of  your  intentions.  In 
the  eastern  cities,  the  practice  has  gradually  grown  up  of  signalling 
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one’s  intentions  with  the  arm  and  hand.  When  the  driver  is  about 
to  slow  down,  he  sticks  out  his  arm  (the  right  for  the  right-side 
driven  cars;  the  left  for  left-side  cars),  using  the  fingers  and  hand 
to  indicate  the  extent  of  his  stop.  Thus,  if  the  intention  is  to  slow 
down  only  as  much  as  the  cars  or  other  vehicles  ahead  make  neces¬ 
sary,  keeping  the  car  moving  all  the  time,  this  intention  is  indicated  by 
moving  the  hand  around  in  a  circle,  a  sort  of  beckoning  motion  to 
the  driver  behind  to  keep  coming.  At  the  same  time,  the  driver’s 
arm  is  kept  extended  in  order  to  indicate  that  slow  speed  and  care 
are  necessary. 

Extending  the  arm  abruptly  and  quickly  indicates  a  sudden 
stop,  bringing  the  car  to  an  actual  standstill.  The  equally  sudden 
withdrawal  of  the  arm  indicates  the  removal  of  the  necessity  for 
this,  and  the  ability  to  go  ahead.  When  a  turn  is  to  be  made,  the 
arm  is  extended  slowly  in  the  direction  in  which  the  driver  wishes 
to  turn,  sticking  out  the  left  arm  for  a  turn  to  the  left,  etc.  In 
order  that  the  turn  and  full  stop  be  not  confused,  many  drivers 
extend  the  arm  vertically  or  as  nearly  so  as  possible  to  indicate  the 
full  stop.  Similarly,  with  a  turn  to  the  left  in  a  right-hand  con¬ 
trolled  car,  the  arm  is  not  so  visible  as  it  might  be,  so  many  drivers 
start  the  arm  out  almost  in  a  vertical  position,  then  let  it  drop 
slowly  in  the  direction  in  which  the  turn  is  to  be  made.  These 
and  other  similar  and  simple  methods  of  signalling  one’s  intentions 
should  be  used  by  all  drivers  at  all  times  for  safety’s  sake  if  for  no 
other  reason. 

Be  Careful  Not  to  Get  Boxed.  In  keeping  religiously  to  the 
right  when  not  passing  a  vehicle  ahead — in  which  case  the  turn  is  to 
the  left — the  driver  should  be  wary  about  being  caught  between  a 
vehicle  ahead  and  the  curb  stone.  Fig.  35  illustrates  just  such  a 
contingency.  As  shown,  the  driver  waited  too  long  before  turning 
out  to  the  left,  and  so  will  have  to  stop  and  back  away  before  he  will 
be  able  to  pass  the  obstructing  wagon. 

The  Right  of  Way  at  Turns  and  Crossings.  Regarding  the 
right  of  way  at  turns  and  crossings,  the  vehicle  which  arrives  first 
has  the  priority  of  passage  according  to  actual  road  practice.  In 
case  of  a  “dead  heat”  between  two  cars,  it  remains  for  both  drivers 
to  agree  as  to  which  shall  proceed  ahead  of  the  other,  the  driver 
yielding  the  way  giving  a  signal  with  the  hand.  Generally  speaking, 
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horse  traffic  gives  the  precedence  to  automobile  traffic  as  a  matter 
of  safety,  but  the  autoist  should  not  consider  that  he  has  the  absolute 
right  of  way  over  all  other  road  users  for  this  reason.  All  users 

have  equal  rights  on  the 
road,  but  because  the 
autoist  has  a  vehicle  of 
great  physical  superior¬ 
ity  due  to  its  weight  and 
speed,  he  is  not  entitled 
to  lord  it  over  those  not 
so  well  equipped.  It 
does  no  harm  to  yield  the 
road  to  a  horsed  vehicle 
even  if  the  action  neces¬ 
sitates  a  change  of  gears 
or  a  stoppage  of  the  motor.  On  the  contrary,  courtesy  does  much 
to  remove  any  prejudice  which  may  exist  against  automobiles,  par¬ 
ticularly  in  rural  districts,  a  prejudice  which  is  fast  disappearing.  In 
general,  the  autoist  should  exercise  his  discretion  as  to  what  is  proper 
under  the  circumstances,  departing  from  road  practice  if  necessary, 
and  his  individual  sense  of  fair  play  should  cause  him  to  have  regard 
for  the  rights  of  others  at  all  times. 

Granting  that  both  vehicles  are  in  the  right,  that  is,  on  the 
right  side  of  the  road,  proceeding  properly  according  to  law,  and 
within  the  legal  speed  limits,  the  law  generally  considers  that,  all 
other  things  being  equal,  that  vehicle  has  the  right  of  way  which  is 
traveling  at  the  higher  or  highest  speed.  Thus,  in  cities  where 
traffic  rules  and  policemen  may  give  a  fire  department  vehicle, 

;  patrol  wagon,  or  ambulance  the  way,  it  is  held  that  the  speed  at 
|  which  these  are  allowed  by  local  regulations  to  travel  gives  them 
automatically  the  right  of  way,  entirely  aside  from  any  thought  of 
!  their  property-  or  life-saving  intentions. 

Negotiating  Turns.  The  procedure  on  approaching  a  turn  is 
|  exactly  similar  to  that  on  approaching  a  road  crossing.  The  car 
I  should  keep  to  the  center  of  the  road  and  its  speed  should  be  reduced 
somewhat  until  the  road  is  seen  to  be  clear,  when  the  turn  can  be  made. 
In  taking  a  right-hand  turn,  the  autoist  should  keep  well  away  from 
the  corner,  describing  as  large  an  arc  as  possible  and  gradually  gain- 


Fig.  35.  Result  of  Running  Too  Close  to 
Other  Vehicles 
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Fig.  36.  Proper  Turn  to  the  Right 


ing  the  center  of  the  other  road.  Such  maneuver  is  shown  in  the 
sketch,  Fig.  36,  where  the  car  A  follows  the  dotted  course  until  the 
point  b  is  reached.  By  so  doing  a  collision  with  another  car  coming 
in  the  opposite  direction  will  be  avoided  as  either  car  can  swing  dear. 

In  taking  a  turn  to  the  _ _ _ _ 

left,  a  similar  maneuver 

should  be  made,  but  in  ^ — . - - — 

this  case  the  car  should  /  - - 

keep  close  to  the  proper  _ 

side,  as  in  the  sketch  of 
the  left  turn.  The  size 
of  the  arc  described  in 
making  the  turn  will,  of 
course,  depend  on  the 
width  of  the  road  and 
the  length  of  the  car,  small  runabouts  being  able  to  turn  in  an  arc 
of  25  feet  or  less,  while  large  touring  cars  should  describe  arcs  of  32 
feet  and  over  on  an  ordinary  road. 

Corner  Shaving  to  Be  Avoided.  Except  when  absolutely  neces¬ 
sary  to  avoid  a  collision,  corners  should  never  be  cut  closely  or 
“shaved”  as  it  is  often  called.  By  shaving  a  corner  the  autoist  runs 
chances  of  colliding  with  other  vehicles,  and  engenders  a  dislike  in 
all  other  users  of  the  road  not  only  for  himself  but  for  automobiles 
in  general.  There  are  numbers  of  drivers  that  habitually  shave 
corners,  who  start  to  make  the  turn  before  reaching  the  proper  point 
and  cut  diagonally  across  the  road,  obstructing  traffic  coming  in  the 
opposite  direction,  and  hugging  the  left-hand  corner  of  the  inter¬ 
secting  road.  Their  desire  is  evidently  to  travel  from  one  point  to 
another  in  the  shortest  possible  space  of  time,  and,  to  save  distance, 
cut  the  corners  without  regard  to  the  rights  or  safety  of  others.  The 
majority  of  automobile  drivers  of  this  class  luckily  confine  their  opera¬ 
tions  to  city  streets,  although  they  are  found  in  some  numbers  on 
country  roads.  On  the  other  hand  a  large  majority  of  horse  drivers 
are  corner  shavers,  women  being  particularly  given  to  the  practice. 
Because  of  the  presence  of  this  and  the  reckless  classes  of  drivers, 
special  caution  has  to  be  exercised  at  all  times  by  those  in  charge  of 
vehicles  of  every  kind.  See  the  turn  indicated  in  Fig.  37. 

On  Approaching  a  Road  Fork.  On  approaching  a  point  where 
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Fig.  37.  Correct  Turn  to  the  Left 


the  road  forks  or  branches  off,  the  autoist  should  hold  well  over  to 
the  proper  side  of  the  road  in  order  to  avoid  cars  coming  along  the 
branches.  Should  he  be  traveling  along  one  of  the  branches  toward 
the  fork,  however,  he  should  keep  in  the  center,  as  when  approach¬ 
ing  an  ordinary  turn.  On  overtaking  another  car,  it  would  be  better 
to  allow  the  latter  to  proceed  on  its  course  without  attempting  to  pass, 
unless  the  driver  signals  the  direction  he  is  about  to  take.  The  reason 
for  this  can  readily  be  seen  by  referring  to  the  sketch,  Fig.  38,  where 

_ _ _ _  car  B  is  about  to  over- 

take  car  A .  If  B  at- 
/  tempts  to  pass  A  by  tak- 

/  /  *  ing  the  path  y,  a  collision 

/  /  will  occur  if  car  A  turns 

— —  -  ■  i  i  ^ — —  ■ 

down  the  left  fork  at  a. 
On  the  other  hand,  if  the 
path  x  on  the  wrong  side 
is  taken,  a  collision  will 
occur  at  b  if  the  leading 
car  takes  the  right  fork. 
Hence  the  driver  of  B  should  allow  A  to  take  its  course  before  pro¬ 
ceeding  on  his  own.  If  the  driver  of  car  A  should  signal  the  fork 
he  is  going  to  take,  B  can  pass  on  the  proper  side  if  the  same  fork 
is  to  be  taken  by  both,  and  on  the  wrong  side  if  A  is  to  take  the 
left  fork  and  B  the  right.  If  A  is  to  take  the  right  fork  and  B  the 
left  fork,  B  will  pass  in  the  ordinary  manner. 

As  stated  before, 


turns  should  be  taken 
slowly,  particularly,  close 
to  cities  or  towns.  In  the 
country,  one  is  apt  to 
forget  this  advice  and 
whirl  around  the  turn  as 
if  there  were  no  turn 
there.  An  experience 
with  a  rapidly  skidding  car  on  a  turn  like  the  one  shown  in  Fig. 
39  will  cure  the  driver  of  this  habit.  Here  an  open  and  fast  road 
tempts  one  to  speed.  The  curves  are  flat,  and  rounding  them  at 
speed,  the  car  would  skid  to  a  very  great  extent  and  just  where  the 
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Fig.  39.  Bad  Turn  Requiring  Care  and  Slow  Speed 


Fig.  40.  Road  Situation  Requiring  Slow  Speed  and  Plenty  of  Warning 
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skidding  car  will  be  sure  to  strike  will  be  noticed  a  nice,  soft  (?) 
telephone  pole.  Another  situation  requiring  slow  speed  and  plenty 
of  warning  is  shown  in  Fig.  40. 

Two  other  phases  of  the  forked,  or  Y-shaped,  road  are  pointed 
out  in  Figs.  41  and  42.  The  former  shows  a  situation  in  which  a 
car  A  is  going  say  north  on  the  main  road  intending  to  turn  into 
the  west  fork,  while  another  car  B  is  coming  south  on  the  east  fork 
intending  to  turn  into  the  main  road.  It  is  apparent  that  the  two 
will  meet  just  beyond  the  forking  of  the  center  lines.  In  such  a 


situation  it  would  be  considered — at  least  in  cities  like  New  York 
where  north  and  south  traffic  has  the  right  of  way  over  east  and 
west  and  all  diagonal  traffic — that  car  A  has  the  right  of  way  since 
it  is  actually  proceeding  in  a  north  direction,  whereas  car  B  is  headed 
southwest. 

However,  the  actual  layout  shows  that  car  B  would  reach  the 
point  of  intersection  of  the  two  paths — the  point  of  collision,  so  to 
speak — first  and  thus  would  have  the  right  of  way.  In  such  a  situ¬ 
ation  it  is  well  for  both  cars  to  deviate  to  the  right  slightly,  thus 
widening  the  margin  between  them  wherever  they  pass.  The 
second  curving  line  indicates  this  path. 
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In  Fig.  42,  the  same  situation  is  shown  with  a  third  car  coming 
south  on  the  west  fork.  From  this  layout,  it  would  appear  that  A 
will  go  south  on  the  main  street  first,  followed  by  B,  while  C  will 
continue  north,  crossing  the  fork  only  after  B  has  passed. 

Under  Bridges  Sometimes  Dangerous.  Fig.  43  presents  a  scene 
of  more  than  passing  interest — one  in  which  considerable  danger 
to  the  autoist  may  be  lurking.  This  is  a  case  where  a  road  leads 
under  a  bridge  and  the  other  end  of  the  road  turns  away  so  that  it 
may  not  be  seen.  That 
is,  this  represents  two 
blind  turns,  with  a 
bridge  added  to  compli¬ 
cate  matters.  The  prop¬ 
er  procedure  is  to  ap¬ 
proach  slowly, signalling 
loudly,  until  well  under 
the  bridge,  when  a 
slightly  improved  view 
of  the  other  road  may 
be  had.  If  another  car 
is  approaching,  it  is 
an  easy  matter  to  stop, 
and  if  no  other  car 
or  vehicle  is  in  sight,  it 
is  an  equally  easy  mat¬ 
ter  to  throw  on  full 
speed. 

Blind  Courts  Give  an  Opportunity  for  Skill.  A  driver  who  is 
skillful  in  maneuvering  around  has  an  excellent  chance  to  show  his 
skill,  when  caught  in  what  is  called  a  blind  court.  This  is,  as  shown 
by  Fig.  44,  a  court  or  street  which  has  but  one  entrance  and  exit,  the 
two  corresponding.  To  get  out  it  is  necessary  to  back,  come  forward 
again,  back  and  forward,  until  the  car  is  moved  around  in  the  narrow 
court  so  as  to  be  able  to  proceed  in  the  reverse  direction.  In  the 
figure,  the  first  position  is  marked  1.  From  this,  the  driver  per¬ 
ceiving  his  situation,  turns  as  sharply  as  possible  to  second  position 
2.  In  stopping,  the  wheels  are  warped  around  in  the  opposite 
direction  as  far  as  possible,  before  moving  the  car — bad  practice 


Fig.  43.  A  Dangerous  Road  Situation 
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but  needed  here  to  save  every  inch.  Then  throwing  into  reverse, 
the  driver  backs  up  to  the  third  position  3.  From  there,  by  cutting 
a  very  close  corner,  he  is  able  to  proceed  out  of  the  court.  Position 
j  sllows  the  final  position  of  the  car,  while  the  dotted  lines  indicate 
its  movements-  A  narrower  court  would  have  called  for  more  back¬ 
ing  than  this  one  did. 

This  emphasizes  in  a  small  way  the  necessity  for  skill  in  zig- 
zagging  back  and  forth,  but  it  does  not  bring  out  the  need  for  prac¬ 
ticing  this  in  order  to  become  skillful  at  it.  In  this  case,  the  driver 
backed  but  once,  coming  out  on  the  second  forward  movement. 


Supposing,  however,  that  he  did  not  warp  his  front  wheels  over 
enough  on  the  first  backing,  position  2,  in  order  to  get  into  the 
favorable  position  at  3;  or  supposing  that  even  in  position  3,  he 
could  not  clear  the  opposite  curb;  then  backing  again  would  have 
been  necessary,  adding  positions  5  and  6.  Supposing,  moreover, 
that  the  street  had  been  much  narrower  than  the  one  shown,  relative 
to  the  size  of  the  car;  in  that  case,  it  might  have  been  necessary  to 
back  as  many  as  four  or  five  times,  instead  of  once  as  shown. 

In  such  a  case  as  this  last,  where  every  inch  counts,  skill  in 
backing  and  zigzagging  is  worth  a  great  deal,  and  this  can  be  obtained 
only  by  practice.  The  situation  shown  is  a  very  simple  one,  not  in 
any  sense  a  difficult  or  hazardous  turn. 
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Volumes  could  be  devoted  to  this  subject,  for  the  situations 
met  with  on  the  road  are  endless,  as  are  also  the  combinations  of 
cars,  drivers,  and  corners.  The  driver  should  always  be  fair  and 
render  to  others  their  half  of  the  road,  their  share  of  time  wasted 
and  saved,  as  well  as  consider  that  they  might  have  been  as  near 
right  as  he. 

Use  of  Blue  Books,  Road  Guides,  Etc.  Many  persons  never 
learn  to  use  maps,  road  guides,  and  similar  touring  helps,  but  must 
stop  to  ask  questions  at  every  turn  in  the  road,  every  cross  road, 
and  every  situation  which  is  not  self-evident.  This  makes  touring, 
especially  long-distance  touring  a  nuisance,  for  many  reasons. 
First,  the  information  obtained  from  farmers  and  country  people  is 
hardly  ever  accurate.  Strange  as  it  may  seem,  such  people  seldom 
have  any  correct  idea  of  distances,  of  exact  turns  to  the  right  or  to 
the  left,  of  accurate  location  of  cross  roads,  or,  in  general,  can  give 
any  precise  and  dependable  information. 

In  addition,  many  times  the  turn  or  cross  road  comes  in  an 
isolated  spot  where  there  are  no  people  to  give  information;  then 
making  the  wrong  selection  may  mean  retracing  many  miles  of 
running.  In  general,  the  driver  can  note  the  trend  of  travel ;  that  is, 
the  surfaces  of  two  intersecting  roads  or  a  road  and  a  turnout  will 
show  which  is  used  the  most.  As  soon  as  a  driver  gets  to  noting 
road  surfaces  in  this  way,  he  gets  onto  picking  out  the  main  road  at 
all  times,  and  in  a  few  years  of  driving  will  cross  an  entire  State 
without  looking  at  a  map  or  guide. 

However,  for  those  who  never  acquire  this  skill,  it  is  well  to 
know  how  to  handle  some  form  of  guide.  Whenever  a  tour  is 
planned,  the  general  route  should  be  considered  and  settled  first; 
then  it  is  time  to  proceed  to  the  details,  side  trips,  precise  sections  of 
road  to  be  covered,  etc.  In  using  a  Blue  Book,  for  instance,  in  the 
front  of  each  volume  there  is  a  large  map  of  all  the  territory  covered. 
On  this  the  driver  should  sketch  out  in  a  general  way  his  course. 
Then,  there  are  smaller  maps  showing  more  details  of  the  various 
sections.  The  driver  should  go  over  these,  amplifying  his  first  plan, 
and  noting  down  the  specific  route  numbers  which  can  be  followed, 
noting  both  or  all  where  more  than  one  way  is  possible. 

Next  in  order,  he  should  read  through  the  route  directions,  as 
per  the  route  numbers  he  has  just  jotted  down,  choosing  as  he  does 
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so,  the  one  he  prefers — where  there  is  a  choice.  Having  completed 
this  for  entire  distance,  so  as  to  have  a  total  route  from  starting 
point  to  destination,  he  should  figure  out  the  mileage  total,  and 
from  this  work  out  a  rough  plan  of  each  day’s  task.  In  this,  it  should 
be  considered  that  with  existing  speed  laws  and  considering  general 
road  conditions  in  the  United  States,  150  to  200  miles  constitute  a 
good  day’s  work,  with  165  as  a  fair  average.  This  done,  a  separate 
notation  for  the  driver’s  pocket  should  carry  all  the  route  numbers  in 
the  order  followed.  One  person  should  read  the  Book  directions  to 
the  driver,  reading  in  advance,  so  he  can  anticipate  turns,  etc. 

TROUBLES  AND  THEIR  AVOIDANCE 

MECHANICAL  FEATURES 

The  driver  who  wishes  to  know  more  about  his  machine  than  is 
necessary  simply  to  run  it,  or  the  man  who  wishes  to  follow  driving  as 
a  profession,  should  approach  the  subject  intelligently,  and  should 
learn  as  much  about  the  mechanical  side  of  the  work  as  is  possible. 
There  are  many  ways  of  doing  work,  not  all  of  them  correct,  and  the 
man  anxious  to  get  along  should  learn  the  right  ways.  Thus,  the 
subject  of  valves  is  very  important,  since  leaking  valves  prevent 
the  motor  from  doing  its  best  and  may  prevent  it  from  working. 

Grinding  the  Valves.  The  new  driver  must  learn  when  to  grind 
his  valves,  that  is,  how  often,  and  he  must  also  learn  to  do  the 
work  properly.  There  is  no  hard  and  fast  rule  which  can  be  given 
aside  from  grinding  when  it  is  necessary.  A  careful  driver  may  get 
four  to  five  thousand  miles  out  of  his  valves  with  one  grinding,  while 
another  may  only  get  one  or  two  thousand  miles  with  the  selfsame 
car  and  engine.  There  are  many  factors  which  enter  into  the  life 
of  a  valve  seat,  and,  in  the  frequency  of  grinding,  all  of  them  have 
to  be  taken  into  account.  Some  of  these  are:  imperfect  cooling  of 
the  seats ;  too  strong  springs,  which  cause  hammering  and  thus  wear 
out  the  seats  prematurely;  over-lubricating,  which  causes  spitting 
and  sooting,  both  of  which  reduce  the  active  life  of  the  valve  seat. 

Other  causes  are  contributory  negligence  on  the  part  of  the  driver 
in  not  examining  them  more  often,  which  results  in  the  failure  to  dis¬ 
cover  something  in  the  way  of  soot  or  dust  caught  in  between  the 
valve  and  seat,  which  is  being  gradually  pressed  into  the  latter, 
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Professional  drivers  grind  valves  as  soon  as  a  certain  distance  has 
been  covered,  this  being  predetermined  by  experience. 

As  far  as  the  grinding  action  itself  is  concerned,  that,  too,  is  very 
simple.  The  tools  needed  are  few  and  easy  to  obtain,  consisting  of 
a  screwdriver  and  some  emery,  the  latter  the  finest  you  can  obtain. 
This  should  be  mixed  to  a  paste  with  oil,  preferably  a  light  cylinder 
oil.  Now,  have  the  valve  free  of  its  spring,  clean  the  seat  off,  and 
spread  a  very  little  of  the  paste  over  it.  Put  the  valve  into  place 
on  top  of  the  paste,  and  with  the  screwdriver  or  brace  and  screw¬ 
driver  bit,  as  shown  in  Fig.  45,  turn  the  valve  on  its  seat  about  half 
a  turn,  then  reverse,  and  turn  back  half  a  turn.  All  the  time,  pres¬ 
sure  must  be  exerted  upon  the  valve,  so  that  the  emery  will  take 
hold  and  cut.  Then  move  the  valve  around  to  a  fresh  position,  and 
repeat  the  alternate  forward  and  back  motions.  The  first  and  second 
positions  will  have  covered 
the  whole  circuit,  if  just  a 
half  turn  be  used  each  time. 

In  that  case,  the  third  move 
should  be  such  as  to  grind  on 
a  space  not  wholly  covered 
by  the  previous  work. 

Beyond  this,  the  only 
really  important  point  is  to 
have  the  axis  of  the  valve 
perfectly  square  with  the  seat. 

If  the  valve  guide  has 
become  worn,  there  is  danger 
of  tilting  the  valve  to  one  side  during  the  grinding  process.  Then, 
when  in  use,  it  tilts  back  to  the  other  side  and  the  work  of  grinding 
has  become  useless.  There  is  some  danger  of  grinding  off  too  much. 
To  determine  when  you  have  ground  enough,  note  when  the  pit¬ 
ting  has  disappeared.  After  that,  grind  very  little  longer  before  you 
test  the  set.  This  is  done  by  coating  the  freshly  ground  seat  with  a 
thin  film  of  red  lead,  or  by  smoking  it  with  the  flame  of  a  candle. 
Having  thus  marked  it,  set  the  valve  lightly  into  place  and  rotate. 
If  you  have  ground  to  a  proper  seat,  this  rotation  will  scrape  off  the 
lead  or  carbon  used  in  continuous  ring.  It  does  not  matter  how 
wide  this  ring  is,  but  it  must  be  continuous. 
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Taking  Out  a  Valve.  On  some  engines  the  job  of  taking  out  a 
valve  or  valves  is  not  as  simple  as  it  sounds.  On  an  overhead  engine, 
or  an  engine  with  overhead  valves,  it  is  not  as  hard  work  as  on  an 
engine  with  the  valves  in  pockets  in  the  side  of  the  cylinder,  for  the 
overhead  valves  usually  are  set  into  removable  seats.  The  latter 
come  out  by  simply  taking  off  a  yoke  or  at  most,  a  pair  of  nuts,  and 
then  the  cage  and  with  it  the  valve  lifts  right  out,  spring  and  all. 
This  latter  is  mentioned  because  with  the  ordinary  ell  or  tee  head 
motor,  it  is  the  spring  which  causes  all  of  the  trouble.  Fig.  46  shows 
the  process  of  removing  the  cage  and  valve  from  an  engine  with  over¬ 
head  valves — this  is  the  Truscott  engine  made  for  the  Truscott 
boats.  To  remove  these,  the  valve  tappet  is  held  out  of  the  way,  and 

the  cage  unscrewed. 
Nothing  could  be  simpler. 

Carbon  Deposits.’ 
Cleaning  an  engine  of 
carbon  represents  a  very 
dirty  job,  one  that  is 
shirked  as  much  as  pos¬ 
sible.  The  novice  should 
learn  the  cause  of  forma¬ 
tion  of  carbon  deposits  in 
the  cylinders,  and  by 
avoiding  this,  get  out  of 
doing  this  dirty  work. 
In  addition,  credit  will 
attach  to  him  for  a  better 
running  engine.  Carbon  deposits  are  formed  by  the  partial  combus¬ 
tion  of  the  excess  of  fuel  or  lubricating  oil.  To  run  with  too  little 
oil  sounds  like  bad  advice,  but  it  will  cure  the  sooting  trouble,  and 
should  be  practiced  as  soon  as  the  driver  becomes  proficient  enough 
to  “monkey”  with  those  things.  When  the  engine  misfires  and  in 
other  ways  shows  the  presence  of  carbon  within  the  cylinders,  the 
driver  should  seize  the  first  opportunity  to  pull  it  down  and  clean  it 
thoroughly.  It  has  been  said  that  thfe  carbon  could  be  removed  by 
burning  it  off  while  the  engine  is  running  by  means  of  kerosene. 
The  kerosene  together  with  the  jarring  action  loosens  some  of  it,  but 
as  far  as  burning  it  off  is  concerned,  that  is  impossible,  for  the 


Fig.  46.  Removing  Valves  from  a  Truscott 
Marine  Engine. 
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carbon  is  a  residue  from  a  burning  action.  The  best  way  is  to 
use  a  decarbonizer  or  else  take  down  the  entire  motor,  scrape  it 
clean,  and  then  paint  it  with  a  very  thin  coat  of  paraffin.  It  is  said 
that  this  will  aid  very  materially  in  preventing  the  formation  of  more 
carbon. 

The  most  important  thing  to  learn  about  the  formation  of  carbon 
is  that  it  is  caused  by  incomplete  combustion,  which  also  means 
fuel  going  to  waste.  Hence  the  motor  should  be  cleaned  and  then 
run  so  as  to  consume  the  fuel  completely,  and  thereby  prevent  the 
formation  of  scale  in  the  future.  This  can  be  effected  by  proper 
care  in  selecting  the  oil  used  for  lubricating  the  cylinders,  the  method 
of  lubrication,  and  amount  of  oil  fed  in.  Also,  care  must  be  exer¬ 
cised  in  the  selection  and  use  of  the  fuel,  particularly  the  latter,  as  this 
may,  in  extreme  cases,  be  such  as  to  deposit  particles  of  carbon  in  the 
cylinders.  Care  in  this  direction  is  well  invested,  however,  as  any 
autoist  who  has  ever  dismantled  his  engine  for  cleaning  purposes  can 
testify. 

Carbon  sometimes  collects  in  the  muffler,  the  effect  of  which 
may  be  illustrated  b;y  the  following:  In  case  of  one  automobile,  it 
collected  there  until  there  was  a  large  quantity  of  it,  sufficient  to 
obstruct  the  passage  of  the  heated  gases.  The  immediate  effect  was 
to  heat  up  the  muffler  pipe  until  it  was  red-hot.  This,  in  turn, 
transmitted  its  heat  to  the  exhaust  pipe  which  became  red-hot. 
Finally  this  reached  the  cylinders,  and  the  whole  exhausting  system 
beyond  the  cylinders  was  red-hot.  The  owner  and  driver  of  the  car 
was  at  his  wit’s  end  to  find  the  trouble,  seeking  it  in  the  carburetion 
and  ignition  systems,  of  course  without  result.  After  working  on 
the  trouble  unsuccessfully  for  some  weeks,  he  accidentally  hit  the 
muffler  a  sharp  blow.  The  dirt  which  fell  out  surprised  him  so 
much  by  its  quantity,  that  he  was  induced  to  take  the  muffler  off 
and  examine  it.  Finding  it  very  full  of  carbon,  he  cleaned  it  and 
put  it  back  on  the  machine  and  no  more  trouble  with  hot  pipes  was 
experienced. 

Oils.  Mention  having  been  made  of  oils  above,  it  will  be  well 
to  speak  of  these  briefly.  They  must  be  purchased  with  much  care. 
Once  an  oil  is  found  which  does  the  work  satisfactorily,  it  should  be 
adhered  to  consistently.  No  two  oils  are  exactly  alike,  and  for  that 
reason,  no  two  will  do  the  same  work  under  the  same  conditions  in 
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the  same  way.  So,  it  is  advisable  to  experiment  only  until  an  oil  is 
found  which  will  do  the  work.  Thereafter,  stick  to  that  brand.  As 
an  instance  of  the  impurities  which  may  be  found  in  oils,  acids 
may  be  mentioned.  These  are  fatal  to  delicate  and  closely  machined 
parts  such  as  ball  bearings,  cylinder  walls,  pistons,  etc.,  and  conse¬ 
quently  they  should  be  watched  for. 

Pure  mineral  oils  contain  little  acid,  and  what  they  do  contain 
is  readily  determined.  Vegetable  and  animal  oils,  on  the  other  hand, 
all  have  acid  content  and  under  the  action  of  heat  this  may  be 
liberated. 

Testing  Oil  A  simple  home  test  may  be  practiced  as  follows: 
Secure  from  a  druggist  a  solution  of  sodium  carbonate  in  an  equal 
weight  of  water.  Place  this  in  a  small  glass  bottle  or  vial.  To  test 
an  oil,  take  a  small  quantity  of  the  lubricant,  and  an  equal  amount  of 
the  sodium  solution.  Put  both  in  another  bottle,  agitate  thoroughly, 
and  then  allow  it  to  stand.  If  any  acid  is  present,  a  precipitate  will 
settle  to  the  bottom,  the  amount  of  the  precipitation  being  a  measure 
of  the  amount  of  acid  present. 

Another  method  is  to  allow  the  acid,  if  there  is  any,  to  attack  some 
metal.  To  do  this  proceed  as  follows :  Soak  a  piece  of  cloth  or,  pref¬ 
erably,  wicking  in  the  oil  suspected  of  containing  acid.  Select  a 
piece  of  steel  at  random  and  polish  it  to  a  bright  surface.  Wrap  the 
steel  in  the  soaked  rag  or  wicking,  and  place  in  the  sunlight  but 
protect  it  from  wind  or  weather.  Allow  it  to  stand  several  days,  and  if 
there  is  no  sign  of  etching  of  the  surface,  repeat  with  a  freshly  soaked 
rag,  being  careful  to  use  the  same  oil  as  before.  After  two  trials, 
if  no  sign  of  the  etching  appears,  you  may  take  it  as  free  from  acid. 

As  far  as  the  oil  is  concerned,  it  may,  in  its  passage  around 
through  the  lubricating  system,  gather  up  much  dirt.  While  the 
oiling  system  may  contain  a  filter,  it  is  not  wise  to  depend  upon  this 
alone,  but  the  pump  should  be  removed  occasionally  and  cleaned. 
Its  condition  will  give  positive  proof  of  the  ability  of  the  brass  gauze 
to  remove  the  silt.  On  many  of  the  modern  cars,  the  pump  is  located 
at  the  bottom  of  the  rear  end  of  the  crank’  case.  In  this  position,  it 
is  removed  by  taking  off  a  couple  of  bolts.  The  shaft,  which  drives 
it,  is  provided  with  a  slip  joint  which  allows  of  the  removal  and 
restoration  of  the  pump,  without  dismantling  the  whole  motor. 
Fig.  47  shows  how  a  pump  is  removed  from  a  crank  case  for  cleaning. 
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The  four  nuts  have  been  taken  off,  after  which  the  driver  reaches  in 
and  takes  hold  of  the  pump  firmly.  A  steady  downward  pull  draws 
the  driving  gear  out  of  engagement,  after  which  the  other  hand 
is  used  to  steady  the  further  downward  movement  of  the  pump. 
This  is  done  carefully,  as  the  superior  hardness  of  the  gear  over  that 
of  the  material  composing  the  case,  renders  the  former  liable  to  scratch 
or  scrape  the  latter. 

Other  Lubricants.  Although  no  lubricant  other  than  oil  has 
been  mentioned,  the  novice  driver  should  not  think  that  there  is  no 
other  worth  using.  Grease  and  graphite  find  many  places  of  superior 
application  on  the  automobile,  and  their  use  should  be  a  matter  of 
study.  Graphite,  in 
particular,  is  and  has 
been  somewhat  mystify¬ 
ing,  for  it  is  hard  to 
explain  why  it  is  that 
such  a  small  quantity 
of  graphite  will  do  as 
much  lubricating  work 
as  a  vastly  greater 
quantity  of  other  lubri¬ 
cating  means,  such  as 
grease  or  oil.  This  is 
a  fact  nevertheless. 

Graphite  has  found 
much  favor  of  recent 
years  as  an  additional 
substance  to  be  put  into  the  lubricating  oil.  When  thus  used,  it 
renders  the  surface  of  steel  rotating  parts  hard  and  glazed  so  that 
they  withstand  frictional  retardation  better.  More  than  this,  the 
highly  polished  surface  which  graphite  imparts  in  a  short  time, 
allows  of  the  use  of  a  lessened  amount  of  oil.  These  two  facts  account, 
in  part,  for  the  widespread  use  of  graphite.  It  is  usually  mixed  with 
the  oil  directly  in  the  crank  case,  or  splash  part  of  the  oiling  system, 
and  should  never  be  put  into  the  lubricator.  The  reason  for  this  is 
that  the  graphite  seems  to  clog  up  not  only  the  pipes  leading  to 
the  bearings,  but  the  moving  parts  of  the  pump  as  well.  An  excellent 
way  to  use  it  is  to  clean  out  the  crank  case  and  then,  when  putting 
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the  oil  back  in  or  putting  in  fresh  oil,  use  the  graphite-oil  mixture. 
To  make  this,  add  a  teaspoonful  of  the  purest,  finest  graphite  obtain¬ 
able  to  a  quart  of  oil.  This  sounds  like  a  very  small  quantity,  but 
it  is  a  fact  that  only  a  very  small  quantity  is  necessary.  After  mixing 
this  very  thoroughly  (take  plenty  of  time  to  mix  it,  as  it  is  time  well 
spent)  pour  it  into  the  case.  In  actual  running  the  graphite  will  reach 
the  main  bearings,  which  are  the  places  where  it  does  the  most 
good,  as  it  seems  to  give  them  a  sort  of  thin,  glazed  coating,  which  acts 
to  protect  the  pins.  A  smaller  quantity  of  the  oil  with  graphite  in  it 
should  be  used  than  of  the  ordinary  clear  oil.  So,  too,  if  the  lubricator 
or  pump  is  of  such  a  construction  that  the  graphite  can  be  put  into  it 
with  safety,  the  feeds  can  be  reduced  to  about  one-half  of  the  amount 
usually  used.  That  is,  the  addition  of  graphite  to  the  oil  allows  of 
cutting  the  oil  consumption  in  half,  or,  at  least,  of  reducing  very 
materially  the  amount  of  oil  used. 

CARBURETERS 

Characteristic  Features.  Carbureter  troubles  form  a  part  of  the 
average  autoist’s  troubles,  although  a  very  little  study  will  show 
that  it  is  a  simple  rather  than  a  complicated  part.  Carbureters 
differ  widely  from  one  maker  to  another,  in  fact,  from  one  maker’s 
product  this  year  to  the  same  maker’s  output  next  year*  but  in 
the  main,  all  work  on  the  same  principle.  There  is  a  fuel  supply 
to  a  float  chamber,  the  office  of  the  float  being  to  govern  the  level 
of  the  fuel  and  keep  it  constant.  This  it  does  through  the  medium 
of  levers,  weights,  or  other  parts  or  combinations  of  parts,  through 
its  connection  with  the  needle  valve.  The  latter  allows  or  pre¬ 
vents  the  inflow  of  the  fuel,  its  position  determining  the  amount 
flowing.  From  the  fuel  chamber,  there  is  a  connection  to  the  vapor¬ 
izing  chamber,  where  the  gasoline  is  sprayed  into  a  column  of  air. 
The  latter  picks  up  the  fine  particles  of  the  fuel,  and  vaporizes  them. 
The  resulting  gas,  a  mixture  of  finely  divided  gasoline  particles  and 
air,  is  conducted  into  the  cylinders  by  the  suction  of  the  pistons. 
There  it  is  ignited  and  burns,  with  resulting  expansion,  which  moves 
the  pistons,  and  thus,  produces  power. 

If  any  one  of  the  parts  or  operations  described — the  float,  float 
controlling  mechanism,  needle  valve,  jet  opening,  air  supply,  or  suc¬ 
tion  from  the  cylinders — be  hampered,  reduced,  or  prevented  from 
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working,  the  resulting  mixture  will  vary  according  to  the  influence  of 
the  deranged  or  defective  part  or  action  upon  the  result. 

Troubles.  Nozzle  Too  Low.  A  rather  common  trouble  is  failure 
to  start  readily.  One  puzzled  driver  described  his  case  as  follows : 

The  engine  starts  hard,  necessitates  priming,  and  the  primer  must  be 
held  down  for  a  long  time.  When  this  is  done,  it  will  start  and  run  for  a  short 
distance,  when  it  will  stop  and  the  same  proceeding  must  be  repeated.  On 
taking  the  carbureter  apart,  everything  was  clean  and  apparently  all  right. 

If  you  are  ever  bothered  in  this  way,  you  may  be  sure,  granting 
that  the  spark  is  good,  that  the  trouble  lies  in  the  fuel  system.  From 
the  description  of  the  trouble,  it  appears  as  if  conditions  were  such 
as  to  starve  the  engine,  although  this  was  doubtless  done  unconsciously. 
This  action  is  due  to  the  fact  that  the  gasoline  level  has  been  lowered 
so  far  that  the  suction  of  the  engine  does  not  draw  up  sufficient  fuel 
for  running.  The  fact  that  you  have  to  prime  to  start  and  then 
prime  to  keep  a  going,  even  this  priming  failing  to  work  sometimes, 
would  seem  to  prove  that  the  engine  is  not  getting  enough  fuel.  The 
trouble  is  that  the  spray  nozzle  has  been  raised  too  high,  so  that  the 
gasoline  level  is  four  or  five  times  as  far  below  the  nozzle  as  it  should  be. 
The  engine  suction  must  raise  the  gasoline  this  distance  before  any 
of  the  fuel  will  get  into  the  cylinder,  and  if  the  distance  exceeds  the 
height  to  which  the  suction  can  raise  the  fuel,  none  will  pass  over.  In 
a  case  of  this  sort,  priming  only  helps  temporarily. 

Carbureter  or  Magneto.  Another  similar  trouble,  with  a  similar 
remedy  is  that  of  the  engine  ceasing  to  do  its  best  work  or  “laying 
down”  under  a  heavy  load  such  as  a  stiff  hill,  deep  sand,  wet,  sticky 
mud,  or  similar  circumstances  in  which  the  maximum  power  is  re¬ 
quired.  A  driver  bothered  in  this  way  described  his  trouble  thus: 

Whenever  I  get  in  a  heavy  pull  and  open  the  throttle  wide,  the  engine 
back-fires  in  the  carbureter.  It  never  does  this  on  smooth  road  or  when 
running  under  ordinary  conditions,  no  matter  how  much  I  open  the  throttle. 
The  trouble  seemed  to  be  worse  on  the  magneto  than  on  the  batteries.  New 
spark  plugs  and  new  batteries  helped  very  little,  nor  did  cleaning  the  carbureter. 

This  is  apparently  carbureter  trouble,  but  the  thorough  clean¬ 
ing  and  adjusting  done  there  would  seem  to  indicate  that  it  is  not 
at  fault  after  all.  About  the  only  other  solution  is  that  the  magneto 
is  slightly  out  of  time,  say,  to  the  extent  of  one  tooth,  on  the  driving 
gear.  As  the  result  of  this,  on  slow  speeds  and  even  at  high  speeds 
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with  but  little  load,  the  effect  is  not  bad  enough  to  be  noticed.  When 
working  under  a  heavy  load,  however,  even  a  slight  error  in  the 
timing  is  greatly  magnified.  The  same  results  might  be  caused  by 
the  valves  being  incorrectly  timed,  possibly,  by  the  same  small  amount, 
i.  e .,  one  tooth  out  of  the  way  in  the  meshing  of  the  driving  gears. 
In  case  making  the  changes  indicated  above  does  not  remedy  the 
trouble,  look  at  your  inlet  valve  springs,  or  at  anything  else  that  could 
possibly  cause  the  inlet  to  close  late  or  slowly.  Look  at  the  valve  seats 
to  see  if  they  are  in  good  shape. 

Wrong  Adjustment  of  Jet  Nozzle.  The  wrong  location  of  the  jet 
nozzle  results  in  the  fuel  level  as  fixed  by  the  float  not  giving  the 
proper  flow  of  fuel  into  the  vaporizing  chamber.  Drivers  who  have 
trouble  with  this  are  frequently  puzzled  by  it,  because  they  assume 


Fig.  48.  Section  of  Carbureter  Showing  Variations  of  Nozzle  Level.  First  Figure,  Correct: 
Second,  Too  Low — Engine  Will  Flood;  Third,  Too  High — Engine  Will  Starve 


that  the  carbureter  is  properly  adjusted  before  leaving  the  factory. 
This  is  not  always  the  case.  One  young  driver  said: 

What  is  the  cause  of  this  very  puzzling  knock?  My  four-cylinder  engine 
develops  a  bad  knock  on  a  hill,  which  can  only  be  eliminated  by  retarding  the 
spark,  but  when  that  is  done,  the  engine  “dies,”  that  is,  gives  no  power.  The 
effect  is  the  same  on  level  roads,  when  the  throttle  is  opened  more  than  one 
third.  I  may  have  deranged  the  level  of  the  gasoline  within  the  carbureter, 
while  cleaning  it.  Would  that  have  this  result? 

Now,  this  trouble  is  directly  traceable  to  the  change  in  the  level 
of  the  nozzle  made  when  cleaning,  and  made  unconsciously.  To 
quote  from  a  plain  statement  of  the  effect  of  this  change: 

By  raising  the  spray  nozzle,  you  lower  the  level  of  the  gasoline  relatively. 
Therefore,  the  liquid  is  less  sensitive  to  the  suction,  which  would  reduce 
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the  amount  of  gasoline  used.  At  low  speeds,  there  would  be  a  tendency  to 
starve  the  engine  which  would  he  most  noticeable  on  hills. 


The  trouble  is,  that  the  spray  nozzle  has  been  raised  so  that 
the  engine  does  not  get  enough  fuel  at  slow  speeds  and  on  hills. 
By  lowering  this  a  small  amount,  Fig.  48,  the  engine  will  be  able  to 
suck  up  more  fuel  and  the  trouble  ceases  with  the  change.  In  making 
this  change,  be  careful  not  to  lower  the  nozzle  too  much  at  once,  as 
the  effect  then  is  just  as  bad,  the  carbureter  flooding  at  the  slightest 
provocation.  The  better  way  is  to  lower  the  nozzle  a  very  slight 
amount,  say  one-quarter  of  a  millimeter,  or  perhaps  one  sixty-fourth 
inch  would  not  be  too  much.  Try  this  level  out  very  thoroughly, 
and  when  you  are  satisfied  that  it  is  not  right,  alter  the  level  once 
more.  The  experience  that  you  will  get  during  the  process  will  be 
worth  all  the  time  taken  up  in  the  series  of  successive  adjustments. 

Cleaning  the  Carbureter.  Cleaning  the  carbureter,  then,  should 
be  done  very  carefully,  until  one  becomes  quite  familiar  with  it  and 
with  the  influence  which  movement  of  the  various  parts  will  have. 
In  Fig.  49,  a  foreign  carbureter,  partly  taken  down,  shows  how 
the  top  part  of  the  float 


chamber  should  be  re¬ 
moved  in  order  not  to 
damage  the  delicate 
needle  point  at  the  bot¬ 
tom  of  the  float  by  which 
the  latter  governs  the 
fuel  supply.  The  cover 
should  be  loosened,  and 
then  lifted  straight  up, 
until  clear  of  all  remain¬ 
ing  parts.  With  the  cover 
off,  the  float  may  readily 
be  removed  in  the  same 
way,  the  only  care  being 


Fig.  ' 


Method  of  Dismantling  a  Carbureter 

in  starting  it.  As  the  amount  or  length  of  the  needle  point  within 
the  tapered  seat  is  small,  the  float  need  be  raised  but  a  small  amount 
to  clear  that.  Then,  it  may  be  lifted  out  as  one  desires,  since  it 
usually  is  made  from  a  half  inch  to  an  inch  smaller  in  diameter 
than  the  chamber  within  which  it  works. 
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Smallest  Detail  Important.  The  influence  of  the  smallest  things 
may  be  of  great  importance,  as  illustrated  in  Fig.  50.  A  man  having 
a  small  runabout  with  a  rather  large  air  vent  in  the  gasoline  tank, 
which  latter  was  located  directly  over  the  engine,  was  bothered, 
in  climbing  hills,  by  too  rich  mixtures.  These  not  only  caused  the 
engine  to  smoke  badly,  but  caused  a  lack  of  power.  On  investiga¬ 
tion,  he  found  that  the  carbureter  was  located  below  and  nearly 
underneath  the  gasoline  tank.  On  a  hill,  the  gasoline  flowed  out 
of  the  air  vent,  down  the  side  of  the  tank,  and  dropped  into  the  air 
intake  thus  increasing  the  mixture.  Obviously  the  cure  for  this  was 
to  change  the  air  intake  so  that  the  overflow  from  the  tank  could  not 
drop  into  it,  or  any  part  of  the  carbureter.  The  sketch,  Fig.  50, 
shows  how  he  was  advised  to  change  it;  the  comment  on  the  trouble 
and  the  proposed  change  were  as  follows: 

The  addition  of  fuel,  as  you  describe,  to  the  air  at  the  air  inlet 
will  seriously  disturb  the  running  of  the  engine  and  probably  give 
so  rich  a  mixture  as  to  choke  the  engine.  It  is  advisable  to  remedy  this 
at  once,  and  the  best  way  to  do  this  is  to  prolong  the  present  air  inlet 
upwards  and  outwards  away  from  the  gasoline  tank  which  causes  the 

trouble.  To  do  this, 
have  a  sort  of  stove  pipe 
made  of  galvanized  iron, 
tin,  or  any  similar  metal. 
It  should  be  long  enough 
so  that  its  top  is  as  high  as 
the  top  of  the  offending 
tank,  then  make  a  big, 
easy  bend  away  from  the 
latter.  The  opening  or 
mouth  of  the  pipe  should 
be  so  formed  as  to  take 
a  screen,  which  is  neces¬ 
sary  to  keep  out  the  dust, 
and  should  preferably 
be  made  removable,  so 
that  when  the  screen  clogs  with  dust  it  can  be  taken  off,  cleaned,  and 
replaced.  For  this  purpose  use  a  very  fine  brass  gauze,  which  can 
be  obtained  at  any  hardware  store,  and  for  a  small  cost. 


fig.  50.  Puzzling  Carbureter  Problem  Solved. 
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Preheating  the  Air.  One  thing  that  gives  a  lot  of  trouble  is 
the  heavier  fuel  now  supplied,  as  previously  mentioned.  This 
can  be  used  successfully  only  by  adding  heat.  This  may  take  one 
of  two  forms — a  water 


or  exhaust  gas  jacket 
around  the  carbureter,  or 
an  arrangement  preheat¬ 
ing  the  air  supply.  The 
former  can  not  be  added, 
but  the  latter  can  very 
easily.  This  is  done  as 
shown  in  Fig.  51  by  run¬ 
ning  to  the  air  inlet  for 
the  carbureter  a  flexible 


Fig.  51.  Method  of  Adding  a  Hot-Air  Connection  to 
Improve  Carburetion 


can  supply  them  at 
prices.  By  the  use  of 


metal  pipe  from  a  collector  fastened  to  the  exhaust  manifold.  This 
tubing  can  be  obtained  at  any  well-equipped  automobile  supply  house, 
as  can  also  the  various  fittings  for  the  exhaust  pipes.  In  some  cases, 
these  firms  carry  the  carbureter  hot-air  attachments  also,  but  if  not, 
the  maker  of  the  carbureter 
low 
this 

attachment,  the  air  drawn  in 
through  the  carbureter  passes 
around  the  very  hot  exhaust 
pipe,  hence  it  is  heated  a 
great  deal. 

Practically  all  late  model 
cars  are  equipped  with  a  car¬ 
bureter  having  a  hot-water 
jacket  and  a  special  pipe  for 
leading  heated  air  to  the  car¬ 
bureter.  In  Fig.  52  is  an 
English  example  of  this,  show¬ 
ing  the  carbureter  connec¬ 
tions  on  the  four-cylinder 
Belsize.  The  pipe  at  the  left  is  the  inlet  manifold,  that  at  the 
right,  the  hot-air  pipe  from  exhaust  manifold  down  to  air  inlet.  In 
all  cases  this  hot-air  connection  is  made  as  short  as  possible. 


Fig.  52.  Hot-Air  Pipe  to  Carbureter  on  Belsize 
(English)  Car 
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IGNITION  TROUBLES 

There  are  a  number  of  vexatious  things  to  make  the  novice  and 
prospective  driver  peevish.  Chief  among  these  is  the  trouble  known 
as  misfiring.  This  may  be  described  as  a  failure  of  the  mixture  to 
fire  in  any  one  cylinder.  It  is  usually  due  to  ignition,  so  that  the 
term  as  used,  now  means  a  failure  to  fire  a  charge  due  to  an  electrical 
cause.  However,  there  are  many  common  misfires  which  are  due 
equally  as  much  to  a  failure  in  the  fuel  supply  system,  so  that 
the  latter  meaning  attached  to  the  word  is  somewhat  of  a  mis¬ 
nomer. 

Among  the  causes  which  contribute  to  misfiring  may  be  men¬ 
tioned  ignition  troubles,  such  as  short  circuit  in  wires,  exhausted 
battery,  pitted  or  improperly  adjusted  vibrators  of  the  coil,  sooty 
or  cracked  plugs,  loose  connections  or  switch,  dirty  timer  or  com¬ 
mutator,  punctured  condenser,  moisture  in  coil,  wet  wires  or  cables, 
water  on  distributing  plate,  dirt  or  wear  on  contacts  in  distributor, 
or  dirt  or  wear  in  timer. 

Then,  there  are  the  misfires  due  in  part  or  wholly  to  the  fuel  or 
carburetion  system.  These  may  be  grouped  or  listed  as  follows : 

Carburetion  and  Fuel.  Faulty  mixture,  sediment  or  water  in 
the  carbureter,  clogged  gasoline  strainer,  leaky  float,  clogged  spraying 
nozzle,  bent  float-valve  spindle,  stale  gasoline,  partial  stoppage  of 
fuel  supply  pipe,  hole  or  obstruction  in  intake  pipe  or  manifold— 
these  are  not  all  the  things  that  might  happen,  but  are  the  principal 
ones  which  the  writer’s  experience  has  suggested  as  most  likely  to 
occur  to  cars  in  general. 

Foremost  among  the  several  difficulties  which  may  be  called 
common  misfires,  is  the  lack  of  a  proper  mixture.  A  rich  mixture 
containing  a  relatively  large  proportion  of  gasoline  in  proportion  to 
air  is  never  desirable,  inasmuch  as  it  deposits  considerable  soot  upon 
the  piston,  cylinder  walls,  and  valves,  and  is,  moreover,  a  waste  of 
fuel.  The  motor  will  seldom  run  well  on  a  very  rich  mixture,  and 
the  carbureter  should  be  so  adjusted  that  no  more  gasoline  is  fed  to 
the  mixing  chamber  than  is  sufficient  for  the  motor  to  develop  its 
full  power.  The  exact  mixture  may  be  found  by  experiment. 

A  very  rich  mixture  will  cause  misfiring;  the  motor  will  have  a 
tendency  to  choke  at  other  than  high  speeds,  and  is  likely  to  overheat. 
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A  lean  or  too  thin  mixture  will,  on  the  other  hand,  lower  the  efficiency 
of  the  motor,  giving  it  a  marked  tendency  to  miss  at  high  speeds, 
accompanied  by  a  popping  sound  in  the  carbureter.  In  this  case 
the  needle  valve  should  be  adjusted  to  admit  more  gasoline,  or  if 
due  to  an  excessive  supply  of  air,  the  auxiliary  air-valve  should  be 
adjusted  to  admit  less  air. 

Bent  Float  Spindle.  A  bent  float  spindle  will  cause  missing  in 
one  or  more  cylinders.  The  float  spindle  may  become  bent  or  it 
may  become  jammed  into  its  seat  by  too  vigorous  priming.  This 
may  be  discovered  by  unscrewing  the  cover  and  lifting  out  the  float. 
Considerable  care  should  be  taken  in  straightening  out  a  bent 
spindle,  and  the  metal  should  be  placed  upon  a  block  of  hardwood, 
another  block  interposed,  and  the  spindle  gently  tapped  with  a 
hammer. 

Leaky  Float.  A  leaking  metal  float  or  a  fuel-logged  cork  will 
cause  missing  owing  to  its  uncertain  and  erratic  action.  A  cork  float 
should  be  thoroughly  dried  out  and  then  given  a  couple  of  coats  of 
shellac  to  prevent  it  from  absorbing  the  gasoline.  As  a  new  float 
is  not  at  all  expensive,  the  driver  will  probably  find  it  more  convenient 
to  put  in  a  new  one.  A  metal  float  must  be  soldered  when  it  leaks, 
and  as  the  copper  is  thin  and  easily  damaged,  only  a  very  little  solder 
need  be  used.  Precaution  should  be  taken  to  keep  the  hot  soldering 
bit  away  from  the  metal. 

A  clogged  gasoline  strainer  is  often  the  cause  of  trouble,  and 
this  is  about  the  first  thing  that  the  autoist  should  examine  when 
the  misfiring  is  apparently  in  the  fuel  supply  system.  The  brass 
gauze  strainer  should  be  frequently  taken  out  and  cleaned  of  any 
dirt  that  may  have  been  filtered  out  of  the  gasoline. 

Obstructed  Spraying  Nozzle.  Owing  to  the  small  needle-like 
opening  in  the  spraying  jet,  it  is  not  uncommon  for  a  particle  of  grit 
to  lodge  in  the  orifice  and  partially  stop  the  flow  of  gasoline.  The 
obstruction  will  not  always  interfere  with  starting,  but  as  soon  as 
the  motor  speeds  up,  the  amount  of  gasoline  sucked  through  the  nozzle 
will  not  be  sufficient  for  the  motor  at  higher  speeds,  and  it  will  soon 
begin  to  misfire  until  the  motor  slows  down  to  first  speed.  A  leak 
in  the  intake  manifold  will  cause  misfiring  in  one  or  two  cylinders, 
and  is  often  mistaken  for  ignition  trouble.  The  cause  may  be  due 
to  loosening  up  of  the  bolts  securing  the  flange  to  the  cylinder. 
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Inlet  Valve.  The  inlet  valve  is  often  the  seat  of  the  trouble, 
and  missing  here  is  generally  caused  by  a  weak  or  broken  spring,  a 
bent  stem,  or  a  carbonized  valve.  If  the  valve  spring  has  lost  its 
temper  and  broken  down,  the  tension  will  be  insufficient  to  properly 
hold  the  valve  on  its  seat  and  the  gas  will  partially  escape  and  so  cause 
missing.  The  insertion  of  an  iron  washer  or  two  will  increase  the 
tension  of  the  defective  spring  and  serve  as  a  temporary  road  repair. 
A  broken  spring  may  be  similarly  repaired  by  placing  a  washer 
between  the  broken  ends.  A  bent  valve  stem  should  be  taken  out 
and  carefully  straightened  by  laying  it  upon  a  billet  of  wood  with 
another  block  interposed  between  it  and  the  hammer.  Only  a  very 
little  force  is  needed,  and  the  stem  should  be  repeatedly  tried  until 
it  slides  freely  in  its  guide. 

As  was  stated  before,  however,  electrical  troubles  cause  the 
greater  part  of  misfires,  and  a  simple  explanation  of  the  more  common 
troubles  of  this  kind  will  be  of  much  service. 

Troublesome  Short  Circuits.  Either  a  partial  or  a  considerable 
leakage  of  the  electrical  current  may  be  due  to  worn  or  frayed  insula¬ 
tion,  and  the  bare  wire  may  possibly  come  in  contact  with  some  metal 
part,  and  so  form  a  short  circuit  to  the  ground.  This  may  or  may 
not  prove  a  constant  short  circuit,  as  it  sometimes  happens  that  the 
vibration  of  the  car  will  cause  the  bare  wire  to  shift  about,  and  the 
“short”  will  occur  only  now  and  then,  as  the  wire  brushes  against  the 
metal  at  intervals.  Trouble  of  this  kind  is  generally  due  to  poor  and 
old-time  connections,  and  will  but  seldom  occur  with  modern  ter¬ 
minals.  Perhaps  the  easiest  and  best  way  of  correcting  this  trouble 
is  to  wrap  a  little  tape  around  both  the  ends  of  the  damaged  cable 
and  its  binding  post,  which  will  keep  the  loose  ends  together  and  at 
the  same  time  make  certain  of  a  good  contact  at  the  post. 

Failures  of  the  spark  plugs  due  to  defects  in  material  and  manu¬ 
facture  are  not  so  common  nowadays  as  in  the  past,  but  modern 
plugs  are  by  no  means  immune  from  trouble.  It  is  well  to  test  the 
plugs  if  trouble  is  suspected.  To  do  this  it  should  be  first  ascer¬ 
tained  Jwhich  of  the  cylinders  is  misfiring  by  holding  down  all  the 
vibrators  of  the  coil  but  the  one  to  be  tested.  This  is  inconvenient 
without  assistance,  but  the  vibrators  may  be  cut  out  of  action  by 
simply  inserting  a  bit  of  stout  paper  between  the  platinum  contacts. 
When  the  missing  cylinder  is  found,  unscrew  and  examine  its  plug, 
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and  if  the  points  are  clean  and  everything  looks  all  right,  connect  up 
the  high-tension  wire,  lay  the  plug  on  the  cylinder,  and  turn  the  motor 
over  until  the  proper  contact  is  made.  In  case  no  spark  is  forthcoming 
and  the  plug  is  clean  and  to  all  appearances  in  good  condition,  it  is 
very  probable  that  the  porcelain  has  developed  a  crack  sufficient  to 
form  a  leak  and  cause  a  troublesome  and  elusive  “short.” 

However,  this  method  of  testing  a  plug  is  not  infallible,  since  a 
minute  crack  in  the  insulation — not  always  visible  to  the  eye — may 
not  interfere  with  the  production  of  a  good  spark  in  the  air,  but  will 
cause  leakage  and  so  make  a  weak  spark,  or  none  at  all,  when  called 
upon  to  overcome  the  greater  resistance  of  the  compressed  gas. 
The  electric  current  will  always  follow  the  path  of  least  resistance, 
and  as  it  is  called  upon  to  overcome  considerable  resistance  in  jump¬ 
ing  between  the  two  electrodes  of  the  plug,  it  is  obvious  that  a  com¬ 
paratively  small  defect  in  the  insulation  will  prevent  the  production 
of  a  fat  spark  at  the  points. 

Broken  and  Wet  Wires.  Broken  and  wet  wires  are  occasionally 
the  source  of  misfiring,  and  although  little  trouble  may  be  anticipated 
from  the  well-made  modern  cables,  the  wiring  of  older  cars — so 
largely  seen  in  second-hand  shops — is  frequently  defective.  Where 
the  wiring  bears  unmistakable  evidence  of  having  seen  better  days, 
the  only  satisfactory  remedy  is  to  put  in  new  wiring  throughout  the 
car. 

Wet  wires  are  likewise  the  cause  of  considerable  trouble  in  the 
older  cars,  as  in  many  instances  the  high-tension  cables  are  carried 
underneath  the  flooring  and,  being  unprotected,  are  likely  to  get 
short-circuited  through  the  water  and  mud  splashed  up  by  the  wheels. 
In  cases  of  this  kind,  it  is  desirable  to  re-wire  the  entire  system  when 
possible.  In  some  cars,  where  this  is  not  convenient,  an  old  length 
of  rubber  hose  may  be  pressed  into  service  to  enclose  and  partly  pro¬ 
tect  the  otherwise  completely  exposed  wires. 

Frequently,  it  is  thought  necessary  to  remove  the  magneto  for 
examination  or  adjustment.  This  was  formerly  considered  quite  a 
task,  but  with  the  modern  method  of  mounting,  it  is  very  readily 
effected.  As  Fig.  53  shows,  most  magnetos  are  now  strap-held.  To 
remove,  then,  it  is  only  necessary  to  loosen  the  bolt  or  nut  which  holds 
the  end  of  the  strap,  lift  the  latter  off,  and  remove  the  magneto.  This 
assumes  that  the  various  wire  leads  to  the  switch,  cylinders,  etc., 
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have  been  first  removed.  In  the  figure,  the  nut  has  been  removed, 
and  the  strap  is  being  pulled  aside.  The  other  hand  which  is  grasp¬ 
ing  the  top  of  the  magneto  is  then  just  ready  to  lift  it  out,  as  soon  as 
the  strap  is  out  of  the  way. 

Worn  and  Pitted  Contact  Points.  The  platinum  contact  points 
of  the  tremblers  of  the  coil,  if  not  properly  attended  to,  will  become 
rough  and  jagged  and  the  poor  contact  will  result  in  misfiring.  The 
points  should  be  examined  occasionally,  and,  if  uneven,  they  should 
be  trimmed  flat  with  a 
fine  jeweler’s  or  mani¬ 
curist’s  file.  The  adjust¬ 
ment  of  the  vibrator 
screw  also  plays  an 
important  part,  and 
should  be  given  its  share 
of  attention.  A  stiff  ten¬ 
sion  is  never  necessary  or 
desirable,  as  it  will  not 
only  consume  a  greater 
amount  of  current,  but 
will  result  in  rapid  wear 
and  pitting  of  the  con¬ 
tacts.  The  trembler 
should  be  adjusted  with 
only  sufficient  tension  to 
cause  it  to  vibrate  at  a 
moderately  high-pitched 
buzz.  This  adjustment 
by  ear  rests  altogether  with  the  experience  and  judgment  of  the 
driver,  which  may  or  may  not  be  good. 

When  the  unit  coil  system  is  used — and  this  arrangement  is 
now  in  general  use — it  is  important,  for  the  best  coil  service,  that  the 
vibrators  of  the  several  units  be  tuned  as  near  alike  as  possible. 
This  may  be  closely  approximated  by  sound,  but  the  only  sure  method 
is  to  measure  the  consumption  of  the  current  by  means  of  a  special 
ammeter.  The  exact  amperage  varies  somewhat  in  different  coils 
from  J  to  f  amperes — and  to  obtain  maximum  efficiency  the  maker’s 
directions  should  be  followed. 


Fig.  53.  Removing  Magnets. 
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Exhausted  Battery.  A  rundown  battery  is  a  very  common 
source  of  misfiring,  and  although  the  symptoms  are  plainly  apparent 
in  troubles  of  this  kind,  the  difficulty  is  not  always  traced  to  the  proper 
cause.  The  fact  that  a  weak  battery  will  not  generally  prevent 
starting  and  only  causes  a  misfire  after  the  car  is  well  under  way,  is,  no 
doubt,  the  reason  why  the  real  trouble  is  not  at  once  suspected.  And 
again,  the  motor  may  run  fairly  well  at  medium  speeds,  but  when  the 
throttle  is  opened  to  admit  more  gas,  the  spark  is  too  weak  to  fire  the 
heavier  charge  and  the  motor  commences  to  misfire,  finally  coming 
to  a  stop.  In  fact,  when  the  battery  fails  to  respond  to  the  spark 
advance  lever  it  may  be  taken  as  pretty  good  evidence  that  the  voltage 
is  too  low,  and  that  a  new  set  of  dry  cells  should  be  connected  up,  or 
the  battery  re-charged  if  of  the  accumulator  type. 

If  the  two  sets  of  dry  cells  are  used,  they  may  be  made  to  give 
some  little  additional  service  by  connecting  up  in  series — carbon  to 
zinc.  If  two  storage  cells  furnish  the  ignition  current,  connect  them 
&ip  in  parallel — carbon  to  carbon  and  zinc  to  zinc.  To  avoid  the 
annoyance  of  a  weak  battery,  each  dry  cell  should  be  occasionally 
tested  for  amperage  and  the  defective  cell  renewed.  A  storage  cell 
should  be  charged  regularly  once  a  month,  and  should  never  be 
allowed  to  become  discharged. 

Switches^Acasionally  work  loose,  and,  while  an  uncommon 
source  of  mi^pSmg,  it  will  occur  now  and  then.  A  loose  switch 
generally  provides  such  poor  contact  that  the  motor  will  stop  com¬ 
pletely,  but  it  may  also  cause  missing  in  but  one  or  two  of  the  four 
cylinders. 

The  timer  or  commutator  should  be  washed  out  thoroughly 
with  gasoline  at  least  once  a  week,  to  remove  dust  or  other  sub¬ 
stances  which  will  likely  interfere  with  a  perfect  contact.  If  neglected, 
and  dust  and  oil  allowed  to  accumulate,  the  contacts  will  be  imper¬ 
fectly  made  and,  the  current  being  poorly  distributed,  misfiring  will 
ensue. 

Condenser  and  Short  Circuit  in  Coil.  The  condenser  is  not 
likely  to  cause  trouble,  and  the  most  serious  injury  likely  to  be¬ 
fall  this  important  part  of  the  system  is  a  puncture  caused  by  the 
use  of  a  battery  generating  a  higher  pressure  (voltage)  than  the 
coil  will  stand.  In  this  case  the  coil  must  be  sent  to  the  makers  for 
repair.  It  occasionally  happens,  however,  that  misfiring  results 
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from  a  broken  connection  to  the  condenser,  or  is  due  to  the  presence 
of  dust  or  oil  on  the  spring  contacts.  If  trouble  is  suspected  in  the 
condenser,  the  contacts  should  be  examined  and  cleaned  with  a  bit 
of  cloth  wet  with  gasoline. 

Water  or  Moisture  in  the  Coil.  Water  or  moisture  in  the  coil 
will  form  a  short  circuit  and  produce  missing  in  the  cylinder,  and 
will  rapidly  exhaust  the  battery  current.  A  primary  or  single  wound 
coil  such  as  is  used  in  low-tension  make-and-break  ignition — may 
be  dried  out,  but  the  only  way  to  fix  up  the  high-tension  coil  is  to  send 
it  to  the  manufacturers. 

Spark  Plugs.  Plugs,  whether  of  mica  or  of  porcelain,  give 
trouble  if  they  break,  if  they  are  poorly  set  in  the  cylinders,  if  they 
become  badly  carbonized,  if  short-circuited  by 
water,  etc.  Sometimes  a  plug  will  break  off  on 
the  road.  When  this  happens  and  the  driver  has 
no  other,  he  can  disconnect  the  wire  leading  to 
that  member,  and  limp  home  with  but  three 
cylinders  firing.  One  motorist  managed  this 
with  a  broken  plug,  which  fell  apart  when 
touched  with  the  wrench,  leaving  a  hole  in  the 
cylinder.  He  had  no  extra  plug,  and  nothing 
to  fit  the  hole,  which  left  open  would  allow  gas 
to  escape.  As  shown  in  Fig.  '54,  he  overcame 
this  by  finding  out  that  a  dime  just  fitted  the 
interior  of  the  plug.  Then  he  drove  this  in,  as 
shown  at  G,  screwed  the  plug  shell  back  in 
place,  and  got  home  all  right. 

If  the  plugs  are  set  up  too  high,  a  large  pocket  is  formed  beneath 
them  and  this  fills  with  dead  gas.  This  always  slows  the  progress 
of  the  spark  to  the  combustible  gases  below  and  sometimes  obstructs 
it  so  that  the  gases  are  not  fired;  in  short,  the  cylinder  “misses” 
fire.  And  just  the  opposite  of  this  often  happens — the  plug  may 
be  set  down  into  the  cylinder  too  far,  in  which  case  its  lower  end 
is  exposed  to  burning  gases  and  the  force  of  each  explosion. 

Some  of  these  troubles  are  pointed  out  in  Fig.  55,  which  shows 
at  A  a  plug  set  up  too  high,  with  a  pocket  of  dead  gas  below  it;  at 
B  a  correctly  located  plug;  and  at  C,  one  which  is  set  down  into  the 
cylinder  too  far.  This  latter  situation  can  be  remedied  by  taking 


Fig.  54.  How  a  Motorist 
Plugged  a  Broken  Spark 
Plug  with  a  Dime 
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out  the  cap  in  which  the  plug  is  located,  removing  the  plug,  and 
having  the  cap  bored  out  at  the  top,  and  re-threaded  at  the  bottom, 
as  shown  at  D .  Then,  when  the  cap  is  replaced,  a  different  form 
of  plug — a  shorter  and  larger  type — is  used  so  as  to  bring  it  down 
to  its  correct  position. 

Magneto.  In  addition  to  those  misfiring  troubles  which  have 
just  been  mentioned,  many  of  which  are  common  to  both  magneto 
and  battery  systems,  there  are  a  few  misfiring  troubles  which  are 
confined  to  the  magneto  itself.  Perhaps  one  of  the  most  common 
causes  of  magneto  misfiring  is  due  to  the  interrupter-contact-arm 
roller  becoming  worn.  A  fiber  roller  will  often  wear  unevenly, 
causing  the  cam  to  slip  over  the  worn  flat  spot  without  making  a 
good  contact.  In  case  of  steel  rollers  and  fiber  cams,  the  latter  will 
sooner  or  later  show  signs  of  wear. 


Fig.  55.  Various  Proper  and  Improper  Spark  Plug  Locations — A,  Too  High;  B,  Correct;  C,  Gas 
Chamber  Wrong;  D,  Correction  for  C 


Wiring.  Much  of  the  motor  trouble  comes  from  the  wiring 
and  one  sure  way  to  avoid  a  large  part  of  the  trouble  is  to  take  the 
wiring  up  out  of  the  way  of  the  worker’s  hands  and  away  from  oil, 
water,  or  dirt,  and  at  the  same  time  eliminate  the  possibility  of 
wear  caused  by  the  rubbing  of  the  swaying  wires. 

Primary  wires  fitted  to  the  timer  or  commutator  do  not  as  a 
rule  receive  a  great  deal  of  attention,  because  they  carry  a  low- 
voltage  current.  Consequently,  the  general  idea  is  that  leakage 
is  at  a  minimum,  or  else  that  it  does  not  matter  anyhow.  Such 
is  not  the  case;  primary  leads  should  have  almost  as  good  attention 
as  the  secondary.  In  the  case  of  a  timer,  where  the  wires  lead  up 
vertically,  the  four  wires  are  generally  allowed  to  sag  down  any  old 
way.  This  can  be  remedied  very  simply,  cheaply,  and,  at  the  same 
time,  the  appearance  improved  by  cutting  from  a  piece  of  fiber  or 
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similar  material,  a  round  disk,  as  shown  at  the  right  of  Fig.  62. 
Then  a  fairly  large  hole  is  cut  through  the  center  of  it  and  four 

small  holes,  equally  spaced, 
just  the  size  to  take  the  wires 
without  trouble. 

The  leads  are  discon¬ 
nected  from  the  timer  and 
slipped  through  the  holes  one 
at  a  time,  taking  care  to  ar¬ 
range  them  in  their  proper 
firing  order,  in  this  case  1-3- 
4-2.  Next  the  fiber  ring  is 
slipped  up  and  the  four  wires 
connected  to  the  timer.  Now, 
by  moving  the  fiber  ring,  a 
position  can  be  obtained  in 
which  the  wires  are  held 
closely  together,  in  a  neat  workmanlike  manner,  at  the  same  time 
supporting  the  ring.  This  will  not  chafe  or  cut  them,  either. 

Wiring  Conduits.  The  greater  part  of  the  wiring  now  is  placed 
in  a  form  of  metal  or  fiber  conduit,  which  protects  and  preserves 

them.  Some  makers 


Fig.  56.  A  Method  of  Gathering  and  Holding 
Timer  Wires  to  Preserve  Them 


have  gone  so  far  as  to 
have  wires  imbedded  in 
the  fiber  so  that  con¬ 
nections  on  the  sides 
were  the  only  places 
where  short  circuits  or 
other  trouble  could 
occur.  This,  however, 
is  an  expensive  plan,  and 
the  general  scheme  is  to 
use  a  long  metal  or  fiber 
tube,  suitable  holes  being 

Fig  57.  Method  of  Housing  Wires  in  Brass  Conduit,  as  cut  opposite  the  Various 
Used  on  Rochet-Schneider  (French)  Car  *  * 

spark  plugs  while  the 
end  into  which  the  whole  bunch  of  wires  enters  is  perfectly 
plain.  To  illustrate:  Fig.  57  shows  the  wiring  conduit  of  metal 
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as  used  on  the  Rochet-Schneider  (French)  25-horsepower  four- 
cylinder  car.  Note  how  this  is  bent  down  so  that  the  lower 
end  is  just  the  right  distance  from  the  terminals  on  the  magneto, 
while  the  upper  part  runs  along  the  edge  of  the  cylinders  just  a 
short  distance  from  the  plugs.  Opposite  each  one  of  these  there  is 
a  small  hole,  fitted  with  a  fiber  ring  to  prevent  chafing,  through 
which  a  wire  emerges  and  runs  to  the  plug.  The  pipe  is  held  in 
place  by  a  pair  of  thin  clips,  soldered  to  it,  and  bolted  with  the 
same  bolts  as  hold  the  front  and  the  rear  ends  of  the  exhaust  mani¬ 
fold.  An  arrangement  of  this  kind  reduces  trouble  to  a  minimum. 
When  repairs  are  to  be  made,  the  ends  are  disconnected,  and  by 
loosening  two  nuts,  the  entire  pipe  and  wiring  is  lifted  out  of  the 
way. 

If  a  car  is  not  equipped  with  anything  of  this  kind,  the  handy 
amateur  can  readily  make  a  tube  of  the  straight  kind  into  a  conduit, 
by  cutting  it  to  the  right  length,  cutting  in  the  holes  opposite  the 
spark  plugs,  and  arranging  a  clamping  means  for  both  ends.  The 
tube  can  be  obtained  at  any  repair  shop  at  small  cost. 

Miscellaneous  Troubles.  The  contact  interrupter  spring  is  also 
a  common  source  of  missing,  as  the  spring  loses  its  elasticity  and 
becomes  weak  through  constant  use.  Loose  interrupter  contacts 
are  not  quite  so  common,  but  will  occasionally  cause  misfiring  by 
working  loose  and  so  provide  insufficient  surface  to  insure  a  good 
contact. 

Armature  bearings  work  loose  in  course  of  time  and  cause  mis¬ 
firing  by  making  too  short  a  contact.  Dust  on  the  insulated  face  of 
the  distributor  is  likewise  conducive  to  missing,  and  the  autoist 
should  make  it  a  point  to  keep  this  surface  clean. 


MEASURING  INSTRUMENTS 

A  point  worth  more  than  passing  mention  is  that  all  ignition 
troubles  may  be  detected  at  once  by  the  use  of  common  electrical 
measuring  instruments.  The  two  ordinary  instruments  are  the 
voltmeter  and  the  ammeter .  The  former  measures  the  voltage  or 
the  pressure  of  the  current,  while  the  latter  indicates  the  rate  of  flow 
or  amperage  of  the  current.  Since  both  are  necessary,  they  are  com¬ 
bined  in  the  modern  instrument  into  a  single  unit,  Fig.  58.  When 
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mounted  upon  the  dashboard  of  the  car,  it  is  connected  up  as  shown 
in  the  wiring  diagram,  Fig.  59.  With  this  instrument  in  position 
and  connected  up,  one  may  make  a  simple  test  at  the  slightest  sign 
of  trouble,  and  find  out  at  once  the  source.  Moreover,  aside  from 
making  a  test  of  this  sort  at  will,  it  is  possible  to  tabulate  the  common 
electrical  troubles,  their  indications  on  the  instruments,  and  their 
remedies.  This  makes  a  glance  at  the  instruments,  and  another  at  the 
table,  sufficient  to  start  a  person  on  the  process  correcting  the  trouble. 

How  to  Proceed  with  the  Test.  In  proceeding  to  make  tests 
with  the  volt-ammeter,  after  having  connected  it  up  as  indicated, 
the  first  thing  to  do  is  to  make  the  distance  between  the  spark-plug 
points  as  nearly  uniform  as  possible,  so  that  the  width  of  the  gap 
shall  not  exceed  ^  inch  and  then  file  the  platinum  points  of  the 
vibrators  and  contact  screws  so  as  to  be  sure  that  they  are  perfectly 
flat  and  true  as  well  as  smooth. 

For  this  operation,  a  Nicholson  XF  Swiss  file,  about  number  6 
cut,  should  be  used,  because  the  ordinary  fine-cut  file  is  too  coarse 


and  cuts  away  too  much 
metal.  After  filing  the 
points,  the  contact  screws 
of  each  unit  should  be 
screwed  down  until  the 
vibrator  has  a  play  of 
about  of  an  inch 
between  the  screw  and 
the  iron  core. 


Then,  with  the  gaso¬ 
line  supply  to  the  car¬ 
bureter  shut  off  and 


Fig.  58.  Hoyt  Volt-Ammeter. 


compression  relief  cocks  open,  turn  the  engine  over  until  the  timer 
makes  contact  and  sparking  takes  place  in  one  of  the  cylinders,  any 
one  being  equally  good. 

Note  the  reading  of  the  ammeter  when  the  timer  closes  the 
primary  circuit,  and  if  the  current  consumption  of  the  coil  is  greater 
than  y8o-  ampere,  increase  the  vibrator  gap  by  unscrewing  the  con¬ 
tact  screw,  and  thus  decrease  the  flow  of  current.  Should  the  vibrator 
fail  to  act,  however,  screw  down  the  contact  screw  and  thus  decrease 
the  gap  until  the  vibrator  is  brought  into  action.  Proceed  in  the 
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same  manner  to  adjust  each  of  the  vibrators  until  the  current  consump¬ 
tion  of  the  coil  units  is  equal  throughout  their  number. 

In  making  adjustments  while  the  engine  is  at  rest,  the  circuit 
being  closed  by  the  timer  for  a  considerably  longer  interval  of  time 
than  when  in  actual  operation,  it  is  necessary  to  set  them  for  a  cur¬ 
rent  consumption  about  twice  as  great  as  is  desired,  because  in  actual 
operation  the  flow  of  current  through  the  coils  is  intermittent,  and  the 
ammeter  needle  will 
stand  at  a  point  repre¬ 
senting  the  mean  current 
flow.  For  example,  a 
two-unit  coil  adjusted  to 
take  f  ampere  would 
show  from  §  to  J  ampere 
on  the  ammeter,  depend¬ 
ing  on  whether  the  period 
of  make  or  period  of 
break  is  the  longer. 

Effect  of  Construc= 
tion  on  Consumption. 

Since  the  construction  of 
a  coil  affects  the  current 
consumption,  and  wide 
variations  in  the  spark¬ 
ing  efficiency  of  different 
makes  arise  from  differences  in  usage  as  well  as  construction,  no 
definite  rules  can  be  given  for  the  exact  point  at  which  a  coil  vibra¬ 
tor  should  give  best  results.  Generally  speaking,  however,  it  may 
be  said  that  a  coil  adjusted  to  operate  on  less  than  TV  ampere  wall 
give  a  thin,  weak  spark  which  would  only  fire  a  rich  mixture.  When 
adjusted  to  take  more  than  ^  ampere,  trouble  will  be  experienced 
from  pitting  and  sticking  of  the  platinum  contact  points  and  from 
rapid  deterioration  of  the  battery. 

With  the  volt-ammeter  in  circuit,  an  observation  of  the  normal 
rate  of  deterioration,  after  adjustments  have  been  made,  enables  the 
operator  to  ascertain  the  relation  between  mileage  and  battery  con¬ 
sumption.  For  instance,  if  a  car  will  run  300  miles  when  the  current 
consumption  is  such  as  to  cause  a  pressure  loss  of  |  volt,  then  the  car 


Fig.  59.  Wiring  Diagram  for  Volt- Ammeter  Circuit. 
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TABLE  II 


Common  Ignition  Troubles  and  Remedies 


Heading 

of 

Voltmeter 

Corre¬ 

sponding 

Ammeter 

Reading 

Cause 

Remedy 

Steady.  .  .  . 

Regular 

Normal  Conditions . 

None  Necessary 

Oscillating 

needle 

Irregular 

Loose  contact  in  battery  cir¬ 
cuit — Leakage  of  secondary 
current  —  Short  circuit  or 
exhausted  cells 

.Tighten  connections — 
See  that  timer  contact 
is  made  e  v  e  n  1  y — - 
Eliminate  leakage 

Uniform  or 
gradual 
drop 

Regular 

Normal  deterioration  of  bat¬ 
tery 

None  required 

Abnormal 

drop 

High.  .. 

Rapid  deterioration  of  bat¬ 
tery  because  of  short  circuit 
a,t  plug  or  in  battery  box — 
Improper  adjustment  of 
coil-vibrator  or  spark  plug 
gaps,  latter  being  too  nar¬ 
row — One  or  two  exhausted 
cells 

Eliminate  short  circuit 
— Readjust  vibrator 
and  spark  gaps — Re¬ 
place  exhausted  cells 

Normal  .  .  . 

Low .... 

Poor  contact  in  timer,  vi¬ 
brator,  or  connections — 

Short  circuiting  of  cells 

Clean  contacts,  elimi¬ 
nating  effects  of  cor¬ 
rosion  or  wear 

Normal  .  .  . 

High  ... 

Sooted  spark  plug — Gaps  at 
vibrator  or  spark  plug  too 
small — Decreased  coil  effi¬ 
ciency 

Clean  spark  plugs — In¬ 
crease  width  of  gaps 
— Readjust  tension  of 
vibrator  spring 

Normal  .  .  . 

Irregular 

Poor  timer  contact . 

Fix  timer 

Normal  .  .  . 

Zero  .  .  . 

Broken  ground  wire . 

Put  in  new  wire 

Zero . 

Zero  .  .  . 

Broken  wire  between  coil  and 
battery  or  broken  battery 
connections 

Put  in  new  wire 

will  run  another  300  miles  with  a  like  drop  in  voltage,  whether  the 
battery  is  of  the  primary  dry-cell  or  of  the  secondary  storage  type. 
Hence,  a  glance  at  the  voltmeter  will  enable  the  operator  to  judge 
what  mileage  can  be  obtained  from  the  battery  before  it  is  exhausted. 

Whatever  may  be  the  cause  of  a  change  that  affects  the  battery 
circuit,  the  voltmeter  gives  instantaneous  indication  thereof,  the 
needle  or  pointer  remaining  steady  only  so  long  as  conditions  are 
normal.  With  a  loose  contact,  the  needle  would  oscillate  back  and 
forth;  with  a  broken  wire  it  would  not  move  from  zero;  with  a  poor 
contact  due  to  a  corroded  terminal,  the  reading  would  be  lower  than 
normal . 
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What  the  Ammeter  Reading  Signifies.  The  operator  having 
also  familiarized  himself  with  the  significance  of  the  ammeter  indi¬ 
cations,  a  glance  at  it  shows  whether  there  is  a  normal  flow  of  current 
through  the  coil.  Any  departure  from  normal  conditions,  in 
fact,  any  change  in  the  circuit  that  causes  a  variation  in  the 
quantity  or  volume  of  current  flowing  through  the  coil  is  shown  and 
can  be  accounted  for  by  the  behavior  of  the  ammeter,  whose  indica¬ 
tions  serve  as  a  reliable  guide  in  locating  ignition  troubles..  Poor 
contact  is  shown  in  a  diminished  current  flow;  too  small  a  gap 
between  the  vibrator  or  spark  points  is  indicated  by  an  abnormally 
high  reading;  and  a  short  circuit  at  the  spark  plug,  due  to  soot  or 
breakage,  will  throw  the  needle  to  the  extreme  point.  A  loose  con¬ 
nection  causes  oscillation.  A  study  of 
Table  II  will  give  some  idea  of  the 
extent  to  which  the  voltmeter  can  be 
of  service  in  detecting  ignition  troubles. 

Testing,  Adjusting,  and  Mainte= 
nance  of  Ignition  System.  Automobile 
users  as  a  rule  know  less  about  the 
ignition  systems  than  about  almost  any 
other  part  of  a  car.  This  fact,  together 
with  the  fact  that  ignition  systems  are 
subject  to  obscure  ailments  which  are 
difficult  to  diagnose,  tends  to  make  igni¬ 
tion  troubles  numerous  and  serious. 

Nevertheless,  with  the  knowledge  of  a  few  rudimentary  facts, 
and  consistent  observation  of  a  few  simple  rules,  ignition  trouble 
can  be  reduced. 

Use  of  Volt- Ammeter.  It  always  is  necessary  to  see  that  the 
current  supply  is  of  the  necessary  voltage,  particularly  if  batteries 
are  used.  With  batteries,  a  voltmeter  should  always  be  kept  handy, 
to  test  the  voltage  of  the  cells.  This  is  more  important  with  storage 
cells  than  with  dry  cells,  and  for  the  latter  a  good  ammeter  is  perhaps 
more  practical  than  a  voltmeter  in  unskilled  hands. 

It  is  apparent  from  this  that  there  is  a  need  on  the  part  of  every 
car  owner  for  both  a  voltmeter  and  an  ammeter.  However,  no  owner 
or  driver  cares  to  carry  two  meters,  so  a  combination  instrument  has 
been  developed.  Furthermore,  to  facilitate  carrying,  these  are  made  as 


Fig.  60.  Hoyt  Pocket-Size 
Volt-Ammeter 

Courtesy  of  Hoyt  Electrical  Instru¬ 
ment  Company,  Penacook, 

New  Hampshire 
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pocket  instruments,  with  a  size  but  slightly  greater  than  the  ordinary 
watch.  A  combination  instrument  of  this  form  is  shown  in  Fig.  41. 
The  cable  connection  is  attached  to  a  terminal  not  shown.  Then, 
when  it  is  desired  to  read  the  voltage  of  a  cell,  the  cable  connection 
is  placed  on  one  of  its  terminals,  while  the  projecting  terminal  at  the 
base  of  the  meter — the  one  on  the  left  marked  volts — is  touched  to 
the  other.  The  needle  then  indicates  the  voltage  on  the  upper  scale. 

Similarly,  to  read  the  amperage,  the  same  connections  are  made, 
with  the  exception  that  the  right  meter  terminal,  marked  Amp.,  is 
used,  and  the  reading  on  the  lower  scale  taken.  The  dials  of  these 
instruments  have  a  diameter  of  1 J  inches. 


Figs.  61  and  62.  Ammeter  and  Voltmeter  Sides  of  New  Hoyt  Multimeter  with  All  Advan¬ 
tages  of  the  Voltammeter,  Wider  Range,  Less  Chance  for  Trouble,  Greater 
Accuracy,  and  Other  Advantages 

Courtesy  of  Hoyt  Electrical  Instrument  Company,  Penacook,  New  Hampshire 

Multimeters.  In  an  instrument  of  this  kind  the  range  of  possible 
reading  is,  of  course,  limited,  while  there  is  a  strong  possibility  of 
such  a  delicate  device  being  ruined  by  accidentally  using  the  wrong 
lower  terminal.  For  instance,  if  it  were  desired  to  read  the  voltage 
of  a  powerful  storage  battery  of,  say,  a  6-80  size,  and  if  the  ampere 
connection  were  made  by  mistake,  the  80-ampere  current  flowing 
through  the  30-ampere-limit  meter  would  ruin  it.  In  order  to  care 
for  just  this  condition,  and  at  the  same  time  produce  an  instrument 
with  a  wider  range,  the  multimeter,  shown  in  Figs.  61  and  62,  has 
been  brought  out.  This  consists  of  two  separate  meter  movements 
placed  in  a  single  case,  and  set  back  to  back.  In  using  it,  one  side 
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with  its  own  properly  marked  terminals  is  for  reading  voltages,  while 
the  other  side  with  its  terminals  is  used  exclusively  for  amperages. 
As  this  is  but  slightly  over  two  inches  in  diameter,  it  can  be  carried 
as  readily  as  the  other  combination  form.  Although  shown  with  an 
ampere  range  up  to  but  4,  it  can  be  made  with  a  reading  as  high  as 
40,  and  higher  readings  can  be  taken  with  an  external  shunt,  supplied 
with  it. 

Magnetometer.  A  development  of  the  pocket  meter  for  use  with 
Ford  cars  is  that  shown  in  Fig.  63.  This  is  called  a  magnetometer, 
and,  as  its  name  would  indicate,  is  designed  to  show  the  condition  of 
the  magneto  on  the  Ford  cars.  In  this, 
however,  instead  of  being  graduated  in  the 
ordinary  units,  volts  and  amperes,  it  has 
been  graduated  with  an  arbitrary  scale, 
upon  which  the  makers  have  indicated  by 
letters  four  points,  designated  by  the  let¬ 
ters  P,  M,  Gy  and  E,  to  indicate  poor, 
medium,  good,  and  excellent.  This  instru¬ 
ment  is  intended  to  be  placed  on  the  dash¬ 
board,  with  one  terminal  grounded  on  the 
transmission  case  and  the  other  attached  to 
the  insulated  plug  in  the  top  of  the  Ford 
magneto.  When  this  is  done,  the  meter 
indicates  by  the  proper  letter  the  condition  in  the  ignition  system. 
The  maker  of  the  meter  determined  these  points  by  a  long  series 
of  tests.  It  should  be  pointed  out,  however,  that  at  low  speeds, 
even  at  normal  efficiency,  the  indications  will  vary.  Thus,  up  to 
8  m.p.h.  the  average  car  will  indicate  poor;  up  to  15,  medium;  to  25, 
good;  and  above  25,  excellent.  One  that  will  show  G  above  15  m.  p.  h. 
is  considered  to  be  in  first-class  condition. 

With  a  reading  of  18  amperes  or  over,  through  an  ordinary 
pocket  ammeter,  a  dry  cell  can  be  safely  assumed  to  be  in  good 
enough  condition  to  afford  reliable  ignition. 

Care  of  Magneto.  The  best  way  to  take  care  of  a  magneto  is  to 
leave  it  severely  alone,  except  for  regular  oiling  in  the  amounts 
and  at  the  points  stipulated  by  the  manufacturer.  The  repair  of  the 
average  magneto  is  a  difficult  task,  and  should  be  undertaken  only 
by  a  competent  expert,  in  a  fully  equipped  repair  shop. 


Fig.  63.  Hoyt  Magnetometer — 
Simple  Device  for  Checking 
up  Ford  Magneto  Current 
Courtesy  of  Hoyt  Electrical  Instru¬ 
ment  Company,  Penacook, 
New  Hampshire 
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Occasionally*  however,  magneto  trouble  is  due  to  short-circuiting 
of  the  contact  plates  in  the  secondary  distributor,  due  to  the  smearing 
of  oil  and  carbon  dust  by  the  movement  of  the  distributing  brush. 
In  such  case  it  is  a  simple  matter  to  take  the  distributor  apart  and 
carefully  wipe  all  of  its  parts  clean.  The  same  method  should  be 
followed  if  it  is  suspected  that  the  trouble  has  been  caused  by  the 
entry  of  moisture  into  any  of  the  magneto  parts. 

The  gap  in  spark  plugs  should  range  from.  ^  to  ^  of  an  inch, 
the  latter  distance  being  as  great  as  is  ever  desirable. 

Magneto  systems  require  rather  closer  adjustment  of  the  plug 
points  than  is  necessary  in  battery  systems,  because  of  the  rather 
lower  voltages  secured  with  magnetos. 

SPRING  REPAIRS 

Due  to  the  fact  that  spring  makers  the  country  over  are  now 
using  better  materials  than  before,  spring  breakages  are  few  and  far 
between.  Time  was  when  this  was  decidedly  different,  and  a  knowl¬ 
edge  of  spring  repairs  was  very  valuable,  and  even  now,  such  knowl¬ 
edge  is  worth  having.  The  usual  spring  breakage  is  a  shearing  off 
action  of  the  upper  leaf.  When  this  occurs,  and  the  lower  leaves 
are  found  to  be  still  intact,  it  is  possible  to  make  a  good  serviceable 
repair  with  any  stiff  hard  substance  at  hand,  which  may  be  fastened 
readily  to  the  upper  part  of  the  spring.  For  fastening,  the  car  may 
be  raised  with  a  jack,  so  as  to  take  all  weight  off  of  the  spring.  Then, 
rope,  wire,  or  any  similar  material  may  be  bound  around  the  two 
so  as  to  fasten  the  broken  spring  firmly  to  the  temporary  stiffener. 
The  weight  may  then  be  lowered  onto  it  gradually.  By  proceeding 
cautiously,  it  is  possible  to  get  home  with  a  repair  of  this  sort,  even 
when  the  repair  part  is  but  a  piece  of  wood.  This  form  of  breakage 
and  repair  was  so  common  at  one  time,  and  that  not  so  very  long  ago, 
that  steel  strips  were  made  and  sold  for  this  particular  purpose.  In 
the  illustration,  Fig.  64,  one  of  the  steel  bars  A  is  shown,  as  well  as 
its  application  to  broken  springs  in  several  positions — B  shows  it 
applied  to  a  spring  broken  in  the  center;  C  is  a  view  of  its  application 
to  one  broken  at  the  end,  or  at  least,  farther  out  than  the  preceding 
one;  D  shows  its  aplication  to  a  spring  with  the  whole  end  of  the 
upper  leaf  broken  off.  In  this  position,  the  steel  bar  is  bolted  up  the 
same  as  in  the  other  cases,  except  that  the  end  is  allowed  to  project 
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so  that  the  drilled  hole  will  come  in  a  position  corresponding  to  the 
former  spring  eye. 

DEMOUNTABLE  RIMS 


Tire  changing  used  to  be  the  “bugaboo”  of  the  lazy  driver; 
but  now,  all  that  has  been  changed  by  the  advent  of  the  demountable 
rim,  the  demountable  wheel,  the  quick  change  rim,  and  similar 


Fig.  64.  Steel  Bar  Carried  for  Spring  Repairs 

devices.  All  of  these  administer  to  the  comfort  of  the  driver,  in 
that  they  substitute  for  the  spare  shoe  or  external  part  of  the  tire 
formerly  carried,  another  wheel  or  rim  with  a  fully  inflated  tire  all 
ready  for  use.  The  change,  then,  in  case  of  a  puncture  or  blow-out, 
is  a  change  of  rims  or  wheels  instead  of  shoes.  The  damaged  tire  is 
then  carried  home  and  repaired  at  leisure. 

Design  Features.  Demountable  rims  are  many  and  various,  so 
much  so  that  space  prevents  illustrating  or  describing  half  of  them. 
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In  the  last  two  or  three  years  demountable  rims  have  made 
great  progress  and  now  are  well-nigh  universal  on  new  cars.  One 
item  tending  toward  such  wide  adoption  has  been  the  partial  stand¬ 
ardization  of  rims,  reducing  them  in  general  to  three  old  forms,  with 
their  corresponding  three  demountable  types,  a  new  and  different 
form  recently  produced,  and  modifications  of  the  various  rim 
forms,  as  well  as  a  few  tire  and  rim  companies  insisting  on 
making  their  own  form  which  is  not  interchangeable  with  any  other. 
These  latter  are  gradually  being  forced  out  by  the  wide  use  of  the 
almost  universal  forms.  This  was  brought  about  by  a  number  of 
the  larger  tire  companies  getting  together  and  agreeing  to  turn  their 
rim  business  over  to  a  rim  company.  The  latter  combined  the  good 
points  of  all  these  types  into  the  three  forms  mentioned. 

The  primary  idea  of  a  demountable  rim  is  to  remove  the  tire 
complete  with  its  rim,  whatever  the  type  of  the  latter  may  be,  from 
the  wheel.  This  done,  a  new  and  fully  inflated  tire  already  mounted 
on  the  rim  and  carried  ready  for  use  is  put  in  place  of  the  one 
removed.  Then  the  driver  can  proceed,  carrying  home  the  tire 
removed,  still  mounted  on  its  rim,  doing  such  work  as  is  necessary 
upon  it  at  his  leisure,  and  with  the  facilities  of  his  own  garage.  In 
order  to  do  this,  it  becomes  necessary  to  have  a  special  rim  con¬ 
struction  as  well  as  five  or  more  rims,  four  for  the  wheels,  and  the 
extras  to  carry  for  emergencies. 

General  Idea  of  Demountables.  The  general  plan  upon  which 
demountables  work  is  that  of  a  wedge  ring  forced  in  by  a  series  of 
special  bolts,  or  else  a  series  of  special  wedge-shaped  bolts  which 
answer  the  same  purpose.  The  rim  is  so  constructed  as  to  have  a 
fixed  side  against  which  the  pressure  is  exerted.  With  such  a  con¬ 
struction,  the  removal  work  is  as  follows:  Jack  up  the  wheel  from 
which  the  rim  or  tire  is  to  be  removed.  Then,  turn  the  wheel  so 
the  valve  stem  is  at  the  top.  Remove  the  dust  cap  and  lock  nut 
from  the  valve.  If  the  casing  is  to  be  removed  and  fixed,  deflate  the 
tire;  if  not,  proceed  by  loosening  or  removing  all  wedges,  first  remov¬ 
ing  or  loosening  the  nuts  by  means  of  the  special  brace  furnished 
with  the  rihis.  The  working  end  of  this  brace  is  a  close  fit  on  the 
nuts,  so  that  it  is  a  simple  matter  to  push  this  over  a  nut,  give  the 
brace  a  couple  of  firm  turns,  then  remove  the  brace,  and  if  the  nuts 
must  be  taken  off,  they  are  turned  off  with  the  fingers. 
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The  nuts  on  either  side  of  the  valve  need  only  be  loosened  on 
certain  rims.  In  the  case  of  a  rim  with  a  continuous  wedge  ring 
(like  the  Stanweld  40,  41,  and  42),  all  the  clamps  must  be  loosened 
and  swung  down  so  the  rim  with  the  wedge  will  be  free  to  come  off. 
Then,  the  tire  is  pulled  out  at  the  bottom.  With  this  pulled  out  as 

far  as  possible,  the  operator 
grasps  it  firmly  just  below 
the  center  with  the  hands 
on  the  outside,  and  lifts  it 
upward  and  at  the  same 
time  out,  as  shown  in  Fig. 
65.  The  idea  is  to  lift  the 
valve  stem  out  of  the  hole 
through  the  felloe  band  and 
wooden  felloe.  As  this  is  a 
close  fit,  the  rim  and  tire 
must  be  lifted  upward ;  but 
if  this  were  the  only  motion, 
the  sides  of  the  lower  part  of  the  tire  would  strike  the  wheel  and 
interfere,  hence  the  outward  movement  as  well.  As  soon  as  the 
valve  is  entirely  out  of  the  hole,  the  upward  movement  can  be  dis¬ 
continued,  and  the  tire  and  rim  lifted  outward,  free  of  the  wheel. 

This  completes  the  demounting  of  the  rim;  a  new  one  is  put  on 
by  the  same  process  reversed.  To  remove  the  tire  from  the  rim, 


Figs.  66.  and  67.  Latch  on  Popular  Form  of  Quick  Detachable  Tire,  Shown  Folded 
Back  and  Opened 

depends  to  a  large  extent  on  the  design  of  rim.  In  one  form  which 
is  popular,  the  split  side  ring  which  holds  the  tire  in  place  has  a  pair 
of  lugs  with  slots  cut  in  them,  projecting  down  through  a  hole  in  the 
felloe  band  or,  in  the  case  of  demountable  rims,  through  the  rim 
base.  To  the  under  side  of  this  is  pivoted  a  latch,  which  has  a 
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T-shaped  end  and  a  free  or  lever  end.  The  latter  is  normally  sprung 
into  place  under  the  band  or  base  as  the  case  may  be  but,  for  detach¬ 
ing,  is  sprung  out.  When  this  is  moved  out  at  right  angles  to  the 


Figs.  68,  69,  and  70.  Three  Steps  in  Removal  of  Rim  from  Tire — Opening  the  Lock,  Lifting  End 
of  Rim,  and  Removing  Rim 


tire,  its  T-shaped  end  comes  out  of  the  slots  in  the  projecting  lugs  of 
the  split  side  ring,  freeing  the  latter.  This  is  explained  best  in 
Figs.  66  and  67,  which  show,  respectively,  the  locking  ring  in  position 
with  the  latch  sprung  out  of 
the  way,  and  the  locking  latch 
sprung  out  and  freeing  the 
ends  of  the  split  ring. 

This  done,  one  end  of  the 
split  ring  is  pried  up  out  of  its 
groove  with  a  screwdriver,  and 
by  following  around  the  cir¬ 
cumference  with  this,  the 
whole  ring  is  loosened  and 
lifted  out.  This  frees  the  tire, 
which  can  be  lifted  off,  but  in 
the  manner  as  for  the  de¬ 
mountable  rim,  since  the  valve 
stem  still  projects  through  the 
rim  base. 

Newer  Rim  Forms.  Two 

new  rim  forms,  brought  out  in 
1914,  have  a  different  method  of  operation  entirely,  being  split  cross¬ 
wise  instead  of  circumferentially.  On  these,  the  rim  is  slowly  worked 
into  place  until  the  last  end,  which  is  then  sprung  in  and  locked  with 


Fig.  71.  Section  Through  New  Type  of  Demount¬ 
able  and  Detachable  Rim,  Which  Leaves  Side 
Flanges  on  Tire  Permanently 
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Fig.  72.  Unlocking  Toggle  on  Inside  of  Him 
Shown  in  Fig.  76 

Courtesy  of  Standard  Welding  Company,  Cleveland 


a  form  of  lock  or  toggle.  To  illustrate,  Figs.  68,  69,  and  70  show 
the  progressive  steps  in  removing  the  tire  from  the  rim,  or  more 

correctly,  the  rim  from  the 
tire.  In  Fig.  68,  the  operator 
is  unlocking  the  rim,  using  an 
ordinary  screwdriver.  In  Fig. 
69,  it  has  been  unlocked  and 
with  the  same  tool,  the  end 
of  the  rim  is  being  lifted  up. 
This  done,  Fig.  70  shows  how 
the  removal  of  the  rim  is 
completed,  taking  hold  of  it 
with  both  hands,  at  the  same 
time  standing  on  the  tire  to 
hold  it  down. 

This  is  intended  only  for 
straight-side  and  clincher 
tires,  and  as  such  it  includes  both  of  the  rings,  so  that  its  removal 
as  outlined  above  and  illustrated  removes  all  of  the  rim  from  the  tire. 

An  even  later  form,  devel¬ 
oped  along  the  same  lines, 
has  the  rim  in  three  pieces, 
the  two  outer  pieces  form¬ 
ing  the  side  flanges  and 
remaining  on  the  casing  at 
all  times,  while  the  center 
part,  or  inner  band,  is  split 
crosswise,  like  that  just 
described,  is  locked  with 
the  toggle,  and,  when  un¬ 
locked  and  removed,  per¬ 
mits  access  to  the  inner 
tube  and  its  removal  with¬ 
out  disturbing  the  side 
flanges.  This  is  shown  in 
section  in  Fig.  71,  which 
indicates  the  operation  as  well;  but  in  order  to  make  this  more 
clear,  Fig.  72  shows  tire  and  rim  removed  from  the  wheel,  with  the 


Ftg.  73.  Tire  Casing  with  Side  Flanges  in  Place,  Inner 
Rim  Removed,  and  Tube  Partly  Withdrawn, 

Rim  Shown  in  Figs.  71  and  72 
Courtesy  of  Standard  Welding  Company,  Cleveland 
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driver  unlocking  the  toggle  lock;  and  Fig.  73  shows  the  tire  with 
side  flanges  in  place,  as  it  appears  when  the  inner  band  has  been 
unlocked  and  removed. 

It  should  be  explained  that  all  ordinary  operations  on  a  casing 
can  be  performed  with  the  side  rings  in  place.  In  winter  with  the 
ordinary  form  of  demountable  rim,  these  rings  freeze  into  position* 
and  their  removal  is  a  tremen¬ 
dous  job.  This  new  form  was 
developed  to  avoid  just  that 
difficulty. 

Detachable  Wheels.  After 
a  few  years’  trial  of  the  detach¬ 
able  wood  wheel,  the  principal 
American  advocate  of  this  form 
has  now  abandoned  it.  For  one 
thing,  the  rapid  development  of 
the  demountable  rim  made  it 
unnecessary  to  go  so  far  as  de¬ 
mounting  the  whole  wheel,  while 
in  doing  this  very  thing,  the  wire 
wheel  form  presented  many  ad¬ 
vantages  over  the  wood.  There 
was,  then,  no  advantage  in  the 
wood  detachable  wheel,  and  it  has 
passed.  In  the  wire  wheel,  ex¬ 
plained  in  detail  in  another  sec¬ 
tion,  the  clincher  form  of  tire  is 
generally  used.  While  this  seems 
like  a  reversion  to  a  type  previously  abandoned,  it  is  not.  The 
clincher  tire  was  abandoned  because  of  the  great  amount  of  work 
necessary  to  take  it  off  or  put  it  on  out  on  the  road  when  few  if 
any  tools  were  available  beyond  the  hands  and  a  screwdriver  or 
similar  pointed  metal  tool.  With  the  wire  wheel,  however,  this  is 
unnecessary,  as  the  whole  wheel  is  removed  in  a  few  seconds,  and 
then  is  carried  home  to  the  garage  for  tire  changing.  There  all 
tools  and  facilities  are  available. 

However,  it  should  not  be  inferred  from  this  that  wire  wheels 
are  not  made  with  demountable  or  quick  detachable  rims,  for  such 
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is  not  the  case.  Generally  speaking,  a  wire  wheel  is  removed  as 
follows :  The  wheel  is  jacked  up,  and  the  lock  nut  F,  Fig.  74,  is  loosened 
and  removed  with  a  special  wrench.  Then  the  entire  outer  hub 
shell  B,  with  the  spokes,  rim,  and  tire,  is  pulled  out  and  off.  It  is 
not  even  necessary  to  remove  the  hub  cap  shown  screwed  into  the 
outer  end  of  the  fixed  inner  hub  E.  The  latter  remains  on  the*  axle 
permanently,  only  the  portion  shown  in  black  being  removed. 

Looking  at  this,  one  would  wonder  how  the  wheels  are 
driven  and  why  they  do  not  stand  still  with  the  axle  only  revolving. 
At  the  point  E,  the  whole  inner  surface  of  the  outer  shell  B,  as  well 
as  the  whole  outer  surface  of  the  inner  hub  C ,  is  serrated  along  its 
length,  these  being  in  substance  long  narrow  keys  and  keyways, 
70  in  all.  In  order  to  slip  the  outer  member  in  place,  these  must 
match  into  one  another.  When  this  is  done  and  the  outer  member 
is  in  place,  these  serrations  do  the  driving. 

Fig.  74  also  shows  the  quick  detachable  flange  A,  which  is  a 
feature  of  this  particular  make  of  wire  wheel.  It  consists  simply  of 
a  peculiarly-shaped  flange  ring,  which  is  cut  crosswise.  It  must  be 
sprung  into  place  and  to  do  this,  the  tire  must  be  forced  back  a  con¬ 
siderable  distance,  as  will  be  noted  in  the  detail  at  the  right.  When 
this  has  been  done,  the  lower  edge  of  the  ring  can  be  entered  in  the 
groove  formed  in  the  rim  base.  After  this  has  been  sprung  in  this 
manner  all  around,  and  the  tire  inflated,  this,  with  the  natural 
spring  in  the  ring,  will  force  the  latter  down  into  the  groove  beyond 
the  possibility  of  slipping  out.  The  generally  advantageous  feature 
of  the  wire  wheel,  however,  is  its  demountability,  tire  work  being 
done  at  home,  not  on  the  road. 

SUMMARY  OF  TROUBLES  AND  BREAKDOWNS 
TROUBLES  WITH  THE  RUNNING  GEAR 

Adjustments.  Adjustments  of  any  loose  or  rattling  parts  must 
be  promptly  made.  Intelligent  care  in  this  respect  prevents  trouble. 

Axle  Bearings.  Axle  bearings  must  be  examined  after  a  run  of 
a  number  of  miles  to  see  that  they  are  not  overheated. 

Cleaning.  All  moving  parts  must  be  kept  clean.  Oil  collects 
dust.  Dust  and  oil  cause  unnecessary7-  and  excessive  wear. 

Rims.  Kims  of  wheels  must  be  examined  often  to  see  that  they 
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are  not  sharp  edged.  If  sharp,  they  must  be  filed  dull  and  smooth. 
Ne^s  er  let  rims  get  rusty.  Carefully  paint  them  on  the  inside. 

Tires.  Tires  must  be  kept  properly  inflated.  If  a  tire  becomes 
flat  on  the  road,  stop  the  car  as  soon  as  possible,  as  running  on  a  flat 
tire  is  almost  certain  to  seriously  injure  or  destroy  it.  Remove  the 
tire  from  the  wheel,  and  if,  on  examination,  it  is  found  that  the  inner 
tube  is  punctured,  put  in  a  new  one.  Never  try  to  patch  an  inner 
tube  on  the  road  unless  absolutely  obliged  to  do  so  for  the  patch  is 
pretty  certain  to  come  off  after  a  few  miles  of  driving.  If  you  have  no 
extra  inner  tube,  you  can  do  either  one  of  two  things :  first,  patch  the 
damaged  inner  tube  and  re-inflate  the  tire;  second,  remove  the  tire 
altogether  and  run  in  on  the  rim.  The  latter  course  is  entirely  per¬ 
missible  and  feasible  provided  the  car  is  run  at  a  slow  speed,  sav, 
from  four  to  ten  miles  an  hour  according  to  the  surface  of  the  road. 

Tires  cannot  be  inflated  as  tight  in  hot  weather  as  in  cold  on 
account  of  the  expansion  of  the  air  due  to  heat.  After  pumping  up  to 
full  pressure,  permit  a  slight  amount  of  air  to  escape  through  the  valve. 

Tires,  when  not  on  the  car,  should  be  kept  in  a  dry  place  and 
wrapped.  Never  leave  them  in  a  damp  place  or  they  will  quickly 
rot  beyond  remedy. 

Tires  on  a  car  which  is  to  remain  in-doors  for  some  time  should 
be  protected  by  placing  a  jack  under  the  axle  and  letting  the  air 
escape,  the  car  being  left  with  the  axles  resting  on  the  jack  or  blocks 
and  not  on  the  wheels.  Otherwise  the  rim  pressing  on  the  tire  covers 
will  seriously  damage  them. 

In  washing  a  car,  do  not  let  water  enter  the  tires.  It  is  likely 
to  cause  the  fabric  to  rot,  although  it  does  not  harm  the  rubber. 

Do  not  put  leather  or  chains  on  one  rear  wheel  only.  Both 
rear  wheels  must  be  alike  in  this  respect  or  you  may  possibly  damage 
your  differential. 

Wheel  Bearings.  If  these  are  ball  bearings  they  should  be  lu¬ 
bricated  with  hard  grease  once  a  month;  if  roller  bearings,  they 
should  be  oiled  at  least  twice  a  week. 

Heated  Wheel  Bearings.  If  any  of  the  wheel  bearings  heat  up 
it  is  a  sign  of  insufficient  lubrication.  Do  not  run  car  until  axle  is 
perfectly  cool,  then  apply  plenty  of  hard  grease  and  watch  it  carefully. 
If  there  has  been  considerable  cutting  of  bearings  they  may  have  to 
be  sent  to  the  makers,  but  never  to  the  ordinary  machine-shop. 
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Tight  Brakes.  Refusal  of  the  car  to  run  easily  or  to  climb  hills 
may  be  due  to  brakes  binding.  Adjustment  of  tension  springs  will 
remedy  this,  also  some  oil  should  be  kept  on  them. 

ENGINE  TROUBLES 

Deposits  of  Carbon  in  Cylinder.  These  are  loosened  by  intro¬ 
ducing  two  or  three  tablespoonfuls  of  kerosene,  put  in  cylinder  when 
warm  through  spark  plug  hole.  Replace  spark  plug  but  do  not 
connect  up  the  wires.  Turn  engine  over  slowly  to  work  kerosene 
back  of  rings.  Allow  engine  to  stand  a  few  minutes.  Then  connect 
wires  and  start  running  out  of  doors  as  dense  smoke  will  come  for  a 
time.  Clean  spark  plugs  and  replace. 

Knocking.  Knocking  should  not  be  permitted.  It  is  liable  to 
result  in  injury  to  the  engine.  Ordinarily  knocking  is  avoided  by 
retarding  the  spark.  In  starting  up  a  hill  where  considerable  power 
will  be  needed,  an  open  throttle  with  advanced  spark  should  be 
employed  before  beginning  the  climb.  Should  the  motor  begin  to 
knock  when  part  way  up  the  hill,  the  spark  should  be  gradually 
retarded.  Continued  pounding  is  caused  by  the  connecting-rod  and 
main  shaft  bearings  becoming  loose. 

Failure  to  Start.  Try  the  following  remedies : 

See  that  current  is  switched  on. 

See  if  throttle  valve  is  open. 

Be  sure  gasoline  tank  is  filled. 

Be  sure  gasoline  valve  is  open. 

See  that  air  can  enter  filling  cap  of  gasoline  tank. 

Flood  carbureter. 

If  weather  is  cold,  prime  cylinders  by  squirting  a  little 
gasoline  in  through  each  compression  relief  cock. 

See  that  spark  plugs  are  clean. 

Missing  of  Explosions.  See  “Troubles  with  Ignition  System.” 

Popping  in  Carbureter.  Snapping  or  popping  in  the  carbureter 
is  caused  by  lack  of  gasoline,  so  that  the  mixture  fed  to  the  motor  is 
not  rich  enough,  and  as  a  result  it  burns  so  slowly  that  one  of  the 
admission  valves  may  be  open  before  the  charge  is  completely  burned, 
and  part  of  the  burning  charge  is  forced  back  through  the  pipe  lead- 
ing  from  the  carbureter  to  the  combustion  chambers.  If  adjustment 
of  carbureter  is  such  that  a  weak  mixture  should  not  occur,  inspect 
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the  gasoline  piping  system  carefully  for  an  obstruction.  Popping  in 
the  carbureter  may  also  be  caused  by  a  leaky  joint  in  the  piping  and 
connections  between  the  carbureter  and  the  combustion  chambers. 

Poor  Compression.  Valve  stem  may  be  broken  and  sticking. 
Valve  spring  or  valve  stem  may  be  clogged  with  dirt.  Cylinder  or 
explosion  chamber  may  be  cracked.  Piston  rings  may  be  broken  or 
turned  so  that  cuts  line  up,  allowing  pressure  to  escape.  Cylinder 
may  be  gummed.  Cam  may  be  loose.  Water  may  leak  into  cylinder 
through  plugs  in  cylinder  head.  Valves  may  not  seat  properly  due 
to  being  covered  with  soot.  Valves  may  have  to  be  reground. 

Engine  Starts  but  Stops  After  a  Few  Revolutions.  Engine  bear¬ 
ings  may  have  seized  from  lack  of  lubricant.  There  may  be  too 
much  oil  in  crank  case.  Water  may  be  entering  cylinder  through 
cracks  or  through  plugs  in  cylinder  head.  Carbureter  float  may  be 
sticking.  Poor  water  circulation  may  be  due  to  broken  pump  shaft 
or  clogged  water  piping. 

Engine  Runs  Well  on  Slow  Speed  but  not  on  High  Speed.  Muffler 
may  be  stopped  up.  Carbureter  air  valve  not  properly  adjusted. 

Engine  Pulls  on  High  Speed  but  not  on  Low  Speed.  There  may 
be  a  leak  in  the  inlet  pipe.  Carbureter  adjustment  not  proper. 

Knocking  Continues  Even  After  Spark  is  Properly  Adjusted, 
There  is  a  possibility  of  the  flywheel  being  loose,  of  loose  or  worn 
bearings  in  the  engine,  or  of  something  broken  inside  the  engine. 

TROUBLES  WITH  COOLING  SYSTEM 

Anti=freezing  Solutions.  The  following  are  satisfactory  formulae 
for  anti-freezing  mixtures: 

1.  Mix  equal  parts  of  glycerine  and  water.  Replace  evaporation 
with  clean  water.  Replace  leakage  with  fresh  solution. 

2.  Mix  equal  parts  of  denatured  alcohol  and  water.  Replace 
evaporation  with  alcohol  and  replace  leakage  with  solution. 

Radiators.  Radiators  must  be  kept  well  filled.  Leaky  radiators 
are  difficult  to  repair.  This  work  should  be  done  by  an  experienced 
radiator  man,  never  by  a  plumber. 

Soft  Water.  Soft  water  should  be  used  for  filling  tank.  It 
should  be  borne  in  mind  that  the  circulating  water  gets  pretty  hot 
and  incrustation  may  result  from  hard  water. 

Engine  Heats,  Loses  Power,  and  Knocks.  These  are  all  symp- 
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toms  of  lack  of  water  circulation.  To  see  if  this  is  the  case,  look  into 
the  opening  in  the  top  of  the  radiator  and  see  whether  water  is  flowing 
in  from  the  engine.  If  not,  either  the  water  piping  system  is  stopped 
up,  which  can  be  checked  by  disconnecting,  or  else  the  circulating 
pump  is  not  working  properly.  All  modren  engines  are  so  propor¬ 
tioned  that,  in  this  event,  the  water  continues  to  circulate  by  thermo¬ 
siphon  action.  Taking  off  the  pump  will  verify  this. 

TROUBLES  WITH  GASOLINE  SYSTEM 

Carbureters.  Carbureters  should  be  among  the  last  things  to 
change  in  case  of  trouble.  A  black  smoke  from  the  exhaust  will 
indicate  too  rich  a  mixture.  Too  thin  a  mixture  may  cause  back¬ 
firing  through  the  carbureter. 

Flooding  of  Carbureter.  This  may  be  due  to  the  failure  of  the 
needle  valve  to  'seat  properly,  which  may  be  corrected  by  grinding 
the  valve;  or  to  a  punctured  float  which  must  be  removed  and  the 
hole  carefully  soldered.  It  may  also  be  due  to  the  spraying  nozzle 
being  so  adjusted  that  the  opening  is  below  the  gasoline  level.  To 
remedy,  raise  the  nozzle  by  easy  steps  until  the  correct  level  is 
obtained. 

Filling  of  Gasoline  Tank.  This  should  never  be  done  by  lamp 
or  lantern  light. 

Leaks  in  Gasoline  Line.  These  must  be  repaired  as  soon  as 
discovered.  They  may  result  in  fire,  destroing  the  car  and  endanger¬ 
ing  the  lives  of  its  occupants. 

Filler  Cap.  The  filler  cap  should  uncover  an  opening  in  which 
is  a  strainer  of  gauze  wire  which  should  not  be  taken  out,  or  if  broken, 
should  be  replaced  promptly.  As  an  additional  protection  against 
small  foreign  particles  getting  into  the  gasoline  system  a  funnel 
should  be  used  in  which  a  chamois  skin  is  suspended  through  which 
the  gasoline  is  poured. 

Grade  of  Gasoline.  For  ordinary  use  gasoline  from  56  to  68 
degrees  test  is  most  satisfactory.  The  former,  called  also  stove 
gasoline,  is  the  only  kind  obtainable  now. 

Obstruction  in  Needle  Valve  in  Carbureter.  In  searching  for 
a  clogged  gasoline  line,  it  is  well  to  unscrew  the  needle  of  the  needle 
valve  and  then  blow  through  the  valve.  This  will  remove  particles 
of  dirt  that  may  be  there. 
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TROUBLES  WITH  IGNITION  SYSTEM 

Testing  Batteries.  Batteries  are  best  tested  by  means  of  a  pocket 
ammeter  which  will  register  the  amperage  at  once  and  settle  any  ques¬ 
tions  as  to  whether  or  not  any  electrical  trouble  is  due  to  weak  batteries. 

Care  of  Tinier.  The  timer  should  be  kept  thoroughly  lubricated 
with  a  light  oil  and  should  be  cleaned  with  gasoline  occasionally, 
after  which  the  oil  should  be  replenished. 

Coil  Contact  Points.  These  sometimes  become  pitted.  One 
will  be  an  irregular  sharp  point,  the  other  a  pit.  Adjusting  under 
these  conditions  will  do  no  good.  Remove  the  knurled  thumbscrew 
and  with  great  care,  using  a  fine  key  file,  level  or  flatten  the  platinum 
contacts.  Be  careful  to  file  no  more  than  necessary  as  there  is  very 
little  material  to  go  on  and  new  contacts  are  expensive.  Replace 
thumbscrews  and  adjust  with  the  lightest  tension  that  will  give  good 
results. 

Loose  Electrical  ConnectionSe  It  is  well  to  examine  daily  all 
wiring,  battery  connections,  etc.,  to  see  that  they  are  tight.  Some¬ 
times  a  broken  wire  will  be  found  which  will  give  trouble. 

Missing  Explosions.  To  test  whether  explosions  are  missing, 
press  down  on  the  muffler  cut-out  pedal.  This  will  make  the  sound 
of  each  explosion  more  pronounced.  Among  the  causes  for  missing 
explosions  the  following  are  most  usual: 

1.  Spark  plug  dirty  or  short-circuited  or  cracked. 

2.  Loose  electrical  connections. 

3.  Weak  batteries. 

4.  Timer  contacts  dirty  or  worn. 

5.  Coil  contact  points  dirty  or  pitted  or  out  of  adjustment. 

6.  Carbureter  out  of  adjustment. 

7.  Water  in  gasoline. 

Extra  Spark  Plugs.  Extra  spark  plugs  should  always  be  carried. 

Vibrator  Spring  Tension.  When  the  batteries  are  fresh,  the 
vibrator  spring  is  kept  at  a  constant  tension.  However,  if  the 
batteries  weaken,  the  spring  tension  will  need  to  be  decreased  or 
new  batteries  substituted. 

Cleaning  Spark  Plugs.  With  a  brush  and  gasoline  clean  off  grease 
and  carbon  taking  the  plug  apart  as  far  as  possible.  Use  fine  sand¬ 
paper  or  emery  cloth  to  brighten  porcelain,  mica,  etc. — for  the 
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sparking  tips  the  emery  cloth  is  the  better.  In  reassembling  plug 
see  that  the  air  gap  is  about  ^V'-  Best  Results  are  obtained  by 
having  the  air  gaps  uniform  in  each  cylinder. 

To  Test  Spark  Plugs.  Remove  plug  from  cylinder.  Connect  it 
with  wiring  system,  laying  it  on  its  side  with  metal  part  of  plug  in 
contact  with  the  cylinder  or  other  metal  part  of  engine.  Turn 
engine  over  and  notice  if  spark  occurs  properly.  If  there  is  no  spark 
with  timer  on  contact  turn  off  the  current  at  switch  and  look  for 
broken  wire  or  loose  or  wrong  connections.  In  addition,  timing 
may  be  faulty. 

Timer.  The  timer  must  not  be  in  contact  when  car  is  standing 
still  as  the  continual  drain  on  the  battery  will  soon  put  it  out  of  busi¬ 
ness.  Worn  contacts  on  timer  should  be  renewed.  If  dirty,  clean 
thoroughly  with  gasoline  and  apply  a  little  thin  oil. 

Weak  Batteries.  Weak  batteries  should  be  promptly  replaced. 
It  is  a  good  plan  to  take  out  old  cells  one  at  a  time,  replacing  with  a 
new  one  in  order  that  the  connections  and  direction  of  travel  of  cur¬ 
rent  may  remain  unchanged. 

Spark  Plugs  Get  Foul  Every  Day.  This  indicates  -either  too 
much  gasoline,  too  much  cylinder  oil,  or  poor  quality  of  gasoline. 

Explosions  in  Muffler.  This  is  due  to  one  or  more  cylinders 
missing,  allowing  the  unexploded  gasoline  vapor  to  collect  in  the 
muffler,  and  can  be  traced  to  carbureter  being  set  to  give  too  much 
gasoline  or  it  may  be  due  to  trouble  with  the  sparking.  Quite  often 
it  is  due  to  a  weak  battery. 

TROUBLES  WITH  LUBRICATION  SYSTEM 

Crank  Case  Oil.  This  should  be  changed  about  every  500  miles 
as  by  this  time  the  lubricating  qualities  of  the  oil  are  nearly 
exhausted.  After  draining  oil,  wash  out  crank  case  with  kerosene 
and  see  that  the  kerosene  is  removed  before  putting  in  fresh  oil. 

Grease  Cups.  These  are  usually  located  on  rear  axle,  steering 
knuckles,  steering  column  base,  and  many  other  parts.  They  should 
be  kept  constantly  filled  with  cup  grease.  These  grease  cups  should 
not  be  confused  with  small  oil  holes  having  caps,  which  can  be 
raised  but  not  unscrewed.  Grease  cups  should  be  screwed  down 
occasionally  in  order  to  force  the  grease  down  to  the  bearing  surface. 

Neglect  of  Lubrication.  Neglect  of  lubrication  is  responsible 
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for  many  troubles.  Any  automobile  requires  careful  attention  to  its 
lubricating  system.  The  owner  will  find  it  to  his  advantage  financially 
to  see  that  all  necessary  parts  are  properly  lubricated. 

Steering  Gear.  The  steering  gear  parts  require  occasional  lubri¬ 
cation.  These  parts  include  steering  rod,  worm  or  sector  and  gear, 
steering  link  at  both  ends,  foot  pedal  pivot  or  bearing,  and  all  joints. 

Too  Much  Oil  in  Crank  Case.  Usually  drain  cocks  are  provided 
in  the  crank  case  and  are  so  located  that  when  [they  are  opened 
they  will  drain  off  only  the  surplus  oil. 

Troubles  with  Mechanical  Lubricator.  If  one  of  the  sight  feeds 
fills  with  oil  it  indicates  too  rapid  feeding  of  oil.  Shut  off  the  valve 
on  the  top  of  the  lubricator  till  the  glass  is  clear.  If  it  does  not  clear 
up  shortly  the  probability  is  that  it  is  necessary  to  clean  the  lubricator. 

Mixing  Gas  Engine  Cylinder  Oil  with  Fuel.  This  is  advocated 
by  the  makers  of  a  few  two-cycle  engines,  the  proportion  being  one- 
half  pint  of  best  gas  engine  cylinder  oil  with  every  five  gallons  of 
gasoline.  This,  however,  is  not  considered  good  practice. 

TROUBLES  WITH  CLUTCHES 

Throwing  in  Clutch.  Do  not  throw  clutch  in  suddenly  causing 
rear  wheels  to  spin.  Such  action  is  destructive  to  tires  and  throws 
great  stress  on  the  entire  mechanism  of  the  car. 

Lubricating  Multiple  Disk  Clutches.  These  are  best  lubricated 
by  injecting  oil  into  the  opening  for  that  purpose  by  means  of  an  oil 
gun.  A  very  light  lubricating  oil  should  be  used. 

Multiple  Disk  Clutches  Failing  to  Hold.  Inject  three  or  four 
gunfuls  of  kerosene  into  the  clutch  housing  and  run  the  engine  a 
little,  thereby  washing  out  the  plates  of  the  clutch.  This  will  cut 
the  gum  caused  by  the  oil.  If,  after  this  treatment,  the  clutch  squeaks 
or  takes  hold  too  suddenly,  lubricating  oil  may  be  added. 

Loss  of  Power.  This  is  noticeable  in  changing  from  intermediate 
to  high  gear,  in  climbing  hills,  or  in  running  through  muddy  or  sandy 
roads.  The  trouble  is  often  due  to  clutch  slipping.  The  remedy 
is  to  clean  the  clutch  with  gasoline  and  if  the  clutch  is  leather-faced 
apply  castor  oil  after  cleaning.  Castor  oil  should  never  be  used  on 
the  multiple-disk  clutch. 

Failure  of  Clutch  to  Take  Hold.  This  may  be  due  to  a  broken 
or  weakened  clutch  spring,  the  clutch  leather  may  be  damaged, 
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clutch  shaft  may  be  out  of  line  or  bent,  leather  may  be  gummed, 
or  bearing  may  be  seizing. 

TROUBLES  WITH  TRANSMISSION  SYSTEM 

Lubricating  Transmission  Gears.  Transmission  case  should  be 
filled  with  lubricant  to  a  depth  of  several  inches.  Care  should  be 
exercised  at  frequent  intervals  to  see  that  a  proper  amount  of  lubri¬ 
cant  remains  in  the  transmission  case.  Different  makers  recommend 
different  kinds  of  lubricants  for  transmissions.  In  light  cars  a  mixture 
often  used  consists  of  equal  proportions  of  light  grease  and  machine 
oil.  In  heavier  cars  a  heavy  gravity  grease  is  often  used.  The 
proper  lubricant  depends  upon  the  types  of  bearings  used;  thus  for 
ball-bearing  transmissions,  no  oil  need  be  added. 

Change  Speed  Lever  Indicates  Some  Impediment  in  Transmission. 
It  is  desirable  to  look  for  broken  or  mutilated  gears,  broken  bearings 
in  transmission  shafts,  sticking  or  misalignment  of  gear  shafts  or  of 
their  operating  mechanisms. 

Adjusting  Annular  Bearings.  Makers  recommend  that  the 
inner  race  be  pinched  so  tight  that  movement  is  impossible;  the 
outer  race  is  sometimes  allowed  a  little  freedom  —  t  cr2inr  to  y-^Vir  in. 

TROUBLES  WITH  DRIVE  SYSTEM 

Chains.  When  chains  are  removed  for  cleaning  they  should 
never  be  replaced  in  the  same  relation  of  sprocket  teeth  and  chain 
links  as  before.  This  can  be  avoided  by  marking  both  sprocket  and 
chain  with  a  prick  punch  or  scriber.  The  reason  is  that  in  the  first 
position  the  chain  has  adapted  itself  to  the  sprocket  and  putting  it 
back  in  a  different  way  although  causing  some  noise  tends  to 
equalize  the  wear  instead  of  increasing  it.  The  chain  can  be 
cleaned  without  taking  off  of  sprockets  by  brushing  with  kerosene, 
and  after  this  cleaning,  oiling  each  link  and  allowing  the  oil  to  work 
into  the  rivet,  and  then  wiping  off  all  surplus  oil. 

Differential  Housing.  The  differential  housing  on  rear  axle 
should  be  kept  supplied  with  an  abundance  of  cup  grease. 

Universal  Joints.  The  universal  joints  should  have  the  lubricant 
renewed  every  1,000  miles  or  less,  usually  less.  The  lubricant  com¬ 
monly  employed  consists  of  grease. 

Noisy  Chains.  Chains  may  be  too  tight,  or  sprockets  out  of  line. 
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MOTOR  TOURING  INFORMATION 

Requirements  in  the  States.  In  Table  III  will  be  found  the 
principal  information  relative  to  the  legal  requirements  in  the  various 
States,  as  in  force  at  the  end  of  1914.  In  this,  it  will  be  noted  that 
with  the  exception  of  five  States,  the  entire  country  is  now  avail¬ 
able  to  the  motorists  possessed  of  a  car  and  license  in  his  home  State. 
The  exceptions  are :  Delaware,  where  an  additional  license  is 
issued  without  charge:  Oklahoma,  where  the  new  license  costs 
but  $1;  South  Carolina,  where  the  same  situation  exists;  Tennessee, 
where  the  new  license  will  cost  $3;  and  Texas,  where  it  costs  50  cents. 
As  will  be  noted  in  Table  III,  while  there  are  wide  differences  in  the 
various  laws,  in  so  far  as  the  non-resident  tourist  is  concerned  there 
is  little  or  nothing  to  give  him  either  trouble  or  delay. 

Requirements  in  Canada.  Practically  the  same  is  true  of 
Canada,  three  of  the  eastern  provinces,  Quebec,  New  Brunswick,  and 
Nova  Scotia,  permitting  those  to  enter  free  who  have  complied 
with  the  provisions  of  the  law  in  their  home  province  or  State. 
Ontario  requires  a  license,  taken  out  at  Toronto  with  the  Provincial 
Secretary  at  $4  for  the  year  and  also  chauffeur’s  license  at  $1,  these 
being  exacted  in  case  the  tourist  is  not  known  personally  to  the 
officer  at  the  border.  In  the  latter  instance,  if  the  tourist  is  known, 
he  may  be  allowed  to  enter  free  of  both  tax  and  duty  for  seven 
days.  As  to  duty,  if  the  stay  is  to  be  for  less  than  six  months,  a 
bond  for  twice  the  amount  of  duty  can  be  given.  This  is  furnished 
by  bonding  companies  in  the  principal  cities  and  usually  at  the 
border  line,  for  a  fee  of  $5. 

The  following  will  furnish  such  a  bond:  Guarantee  Company 
of  North  America,  111  Broadway,  New  York  City;  J.  A.  Newport 
&  Company,  Niagara  Falls,  Ontario;  Niagara  Falls  Auto  Transit 
Company,  Niagara  Falls,  New  York;  J.  M.  Duck,  Windsor,  Ontario; 
A.  J.  Chester,  Sarnia,  Ontario;  F.  W.  Myers  &  Company,  Rouse 
Point,  New  York,  and  Alburg,  Vermont. 

Messrs.  Newport  and  Duck  will  also  procure  the  license  and 
permit  in  advance,  if  requested,  the  charge  being  $4.30  ($4  fee, 
30  cents  postage). 

The  speed  regulations  in  Canada  are  about  the  same  as  in 
the  States;  New  Brunswick  provides  12  m.p.h.  in  cities  and  towns, 
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15  in  built-up  continuous  territory,  and  20  in  open  country;  Nova 
Scotia,  7J,  12,  and  15;  Quebec,  reasonable  and  proper,  12  in  built-up 
sections  and  15  miles  elsewhere;  Ontario,  15  within  city  limits  and 
20  elsewhere. 

Touring  Books  and  Maps.  There  are  five  volumns  of  the  Blue 
Book  as  follows:  Vol.  1,  New  York  State  and  Lower  Canada; 
Vol.  2,  New  England  and  the  Maritime  Provinces  of  Canada; 
Vol.  3,  New  Jersey,  Pennsylvania,  Delaware,  Maryland,  District 
of  Columbia,  and  Southeastern  States;  Vol.  4,  the  Middle  West; 
Vol.  5,  Mississippi  River  to  the  Pacific  Coast. 

Aside  from  these  there  are  a  number  of  excellent  guides,  maps, 
and  books  which  will  be  of  assistance  to  the  motoring  roamer. 
The  Blue  Books  are  published  by  the  Automobile  Blue  Book  Pub¬ 
lishing  Company,  2160  Broadway,  New  York  City,  and  910  S. 
Michigan  Avenue,  Chicago,  Illinois,  at  $2.50  a  volume.  These 
are  endorsed  by  the  American  Automobile  Association,  and  its 
members  get  them  at  a  special  price. 

The  Automobile  Club  of  America  also  publishes  a  tour  book 
which  is  sold  to  the  public  at  $3.00  but  is  free  to  members  of  the 
Bureau  of  Tours.  The  Blue  Book  Company  also  gets  out  the  Pilot 
maps,  covering  the  New  England  States  and  the  Hudson  River 
district;  these  consist  of  large  scale  maps  only,  with  no  text.  C.  S. 
Mendenhall,  Race  Street,  Cincinnati,  Ohio,  publishes  automobile 
maps,  of  some  20  or  more  States,  while  similar  maps  of  the  Western 
States  are  gotten  out  by  the  Clason  Map  Company,  Denver,  Col¬ 
orado.  Some  of  the  middle  Western  States  are  covered  by  a  series 
of  large  scale  maps  published  by  the  Iowa  Publishing  Company, 
Des  Moines,  Iowa.  Colorado  maps  are  given  away  by  the  Denver 
and  Colorado  Springs  Chambers  of  Commerce;  other  free  maps  or 
guides  are]  those  of  Maine,  Maine  State  Automobile  Association, 
12  Monument  Square,  Portland,  Maine;  Motor  Tours  in  Nova 
Scotia,  by  the  Halifax  Morning  Chronicle;  the  Goodrich  Tire  Com¬ 
pany  of  Akron,  Ohio,  issues  a  set  of  maps  covering  most  of  the  coun¬ 
try,  etc.  For  those  who  can  use  them,  the  topographical  maps  of 
the  U.  S.  Geological  Survey  are  very  interesting  and  most  accurate, 
giving  more  detailed  information  than  any  others.  Information 
relative  to  them  can  be  obtained  from  the  Director  of  the  Survey, 
Washington,  D.  C. 
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Foreign  Touring  Books.  The  Michelin  and  Continental  Tire 
Companies  furnish  excellent  route  books  covering  practically  all 
of  Europe,  Northern  Africa,  and  Western  Asia,  which  is  tourable. 
Other  excellent  foreign  publications  along  this  line  are  Le  Guide 
Taride  for  France,  Italy,  and  Switzerland;  Bartholomew’s  Strip 
Maps  of  England;  Mittlebach’s  Road  Maps  of  Germany  and  Aus¬ 
tria;  the  Carte  Routiere  Dion-Bouton,  and  the  most  excellent  works 
of  the  Touring  Club  de  France ,  usually  spoken  of  as  the  T.  C.  F., 
as  well  as  the  automobile  clubs  of*  Italy  and  Switzerland. 

Foreign  Licenses.  Triptyque.  By  joining  the  T.  C.  F.  at  6 
francs  a  year  (about  $1.25),  the  motorist  will  be  saved  all  the  trouble 
and  delay  of  arranging  for  a  deposit  to  cover  customs  duties,  the 
issuance  of  the  triptyque,  etc.  The  latter  is  in  substance  a  pass  for 
the  country  issuing  it,  and  under  the  newest  arrangement,  one  pass 
covers  practically  the  whole  of  Europe.  Formerly,  there  were  many 
countries  which  did  not  issue  them,  in  which  case  the  customary 
deposit  in  gold  was  required  at  each  one;  in  addition,  a  number  of 
different  ones  were  necessary  for  the  various  countries.  The  new 
customs  pass  book,  which  is  printed  in  French,  with  explanatory 
notes  in  every  European  language,  is  good  in  13  countries,  the 
deposit  covering  only  the  highest  duty  in  the  group — Spain,  Austria, 
or  Sweden — according  to  the  car.  When  entering  the  first  foreign 
country,  the  customs  officer  tears  out  one  of  the  pass-in  checks  and 
gives  a  marginal  receipt  for  it.  On  leaving  that  country,  a  pass- 
out  check  is  withdrawn  and  signed  for  in  the  same  manner. 

One  advantage  of  this  new  arrangement,  which  went  into  force 
in  1914,  is  that  it  allows  the  holder  to  pass  over  a  frontier  any  num¬ 
ber  of  times — formerly  impossible  or  at  least  difficult  enough  to  dis¬ 
courage  the  driver  who  tried  it.  The  new  triptyque  is  good  in  F ranee, 
Switzerland,  Belgium,  Italy,  Spain,  Sweden,  Austria,  Russia,  Hun¬ 
gary,  Denmark,  Holland,  Norway,  and  Roumania.  Although  Great 
Britain  is  not  a  party  to  this  arrangement,  there  is  no  duty  for  that 
country. 

International  Driving  and  Car  License.  Complementary  to  this 
is  the  International  Driving  and  Car  license,  which  has  been  in  use 
several  years  and  is  recognized  by  17  European  countries  and  several 
English  and  French  colonies.  To  secure  both  the  triptyque 
and  the  driving  license,  it  is  necessary  to  obtain  before  starting 
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from  home,  a  letter  from  the  manufacturer  of  the  car,  giving  the 
name  of  the  maker,  model  (year),  style,  number,  color  of  body  and 
chassis,  make  of  tires,  number  of  seats  (places),  weight,  value, 
number  of  motor,  number  of  cylinders,  motive  power,  horsepower, 
together  with  the  owner’s  name  and  address.  Two  small,  un¬ 
mounted  photographs  of  owner  and  operator  are  necessary. 

Shipping  and  Other  Information.  Much  of  the  detail  of  ship¬ 
ping  the  car  can  be  done  by  correspondence,  if  the  car  owner  is  a 
member  of  either  the  A.  A.  A.  or  the  A.C.A.  Shipment  has  been 
much  simplified  in  recent  years,  and  a  number  of  custom-house 
brokers  have  entered  this  field.  Consequently,  it  is  a  simple  matter 
to  turn  the  whole  business  over  to  one  of  these.  He  will  attend  to 
all  details,  such  as  the  crate,  the  lighterage,  if  any,  storing  the  crate 
abroad,  ocean  freight,  dock  charges,  custom  charges  if  any,  etc., 
handling  this  for  a  lump  sum.  The  American  Express  Company  is 
an  authorized  forwarding  agent  for  the  A.  A.  A.,  while  Oelrichs  and 
Company,  Bowling  Green  Building,  New  York,  the  general  agents 
for  North  German  Lloyd  Company,  have  a  special  department 
to  take  care  of  this  for  the  tourist.  The  International  Mercantile 
Marine,  including  the  White  Star,  American,  and  Red  Star  lines, 
also  has  a  special  department  for  this. 

American  Customs  Arrangements.  In  addition  to  all  this,  the 
owner’s  car  must  be  registered  at  the  Custom  House  in  New  York, 
or  other  point  of  departure,  to  obtain  outward  bound  clearance. 
Before  returning  to  America,  the  tourist  must  obtain  from  the 
American  Consul  at  the  point  of  departure,  an  inward  bound  clear¬ 
ance  and  a  declaration  must  be  made  before  the  consul  that  the  car 
was  exported  from  America.  A  customs  broker  will  attend  to  this. 

In  general,  the  tourist  should  plan  his  tour  in  advance,  laying 
it  out  as  accurately  as  possible,  including  the  roads,  stops,  hotels, 
daily  mileages,  etc.  It  is  almost  a  necessity  to  arrange  for  passage 
over  and  back,  for  both  owner  and  car,  well  in  advance.  Fuels, 
oils,  etc.,  are  about  twice  and  from  that  to  three  or  four  times  as 
much  as  in  this  country,  but  garage  charges  for  repair  work,  adjust¬ 
ments,  washing,  storage,  etc.,  are  less  than  half  the  similar  charges 
in  the  United  States.  The  roads  are  good,  and  while  the  regulations 
call  for  low  speeds,  with  the  maximum  around  15-18  m.  p.  h.,  these  are 
seldom  enforced  and  the  average  speed  in  the  country  is  very  high. 
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might  be  entailed  by  letting  them  go  for  want  of  prompt  attention. 
The  monthly  or  weekly  charge  for  rent  is  eliminated,  the  car  is  kept 
better,  upkeep  and  maintenance  charges  are  reduced  to  a  minimum, 
and  other  material  savings  are  effected.  The  private  garage,  then, 
places  an  automobile  within  reach  of  a  large  number  of  persons. 

Many  persons  have  a  barn  or  other  outhouse  which  seems  so 
nearly  suitable  that  a  few  dollars  would  convert  it  into  a  usable 
garage.  Experience  has  proved  that  this  will  seldom  turn  out  as 


Fig.  2.  Enhancing  the  Beauty  of  the  Garage  with  a  Connecting  Pergola 

satisfactorily  as  the  specially  constructed  building,  some  later  devel¬ 
opments  showing  where  the  garage  would  have  been  more  economical 
or  better  suited  to  the  work  in  the  long  run. 

Types.  Having  decided  to  build,  the  next  point  to  settle  is  the 
form  and  the  construction  material.  As  far  as  the  latter  is  concerned, 
there  are  about  eight  possibilities,  as  follows:  (1)  wood;  (2)  steel; 
(3)  wood  and  steel;  (4)  concrete;  (5)  hollow  tile;  (6)  other  fireproof 
types;  (7)  concrete  in  combination  with  any  or  all  of  these,  as  wood, 
steel,  or  tile  frame  with  concrete  finish  and  floors;  (8)  brick  or  stone, 
either  alone  or  in  combination. 
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Fig.  3.  All-Wood  Garage  with  Living  Accommodations  for  Chauffeur 


Fig.  4.  Hollow  Tile  and  Cement  Garage 
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Doubtless  the  majority  of  garages  to  be  considered  will  come 
under  Figs.  1, 5, 8,  or  9,  but  they  all  represent  rather  distinct  types. 
For  instance,  Fig.  1  has  a  sheet  metal  (metal  lath  on  steel  angles) 
framework  with  a  smooth  concrete  plaster  covering,  while  the  floor 
and  runway  are  of  cement,  and  the  roof  of  shingles  on  wood  fram¬ 
ing.  This  represents  the  semi-fireproof  type,  walls  and  floor  being 
strictly  fireproof,  while  doors,  window  frames,  and  roof  would  burn 
readily.  As  such,  the  insurance  rates  would  be  much  higher  than 
on  an  all-concrete  structure.  In  Fig.  2  is  shown  a  brick  garage  con¬ 
nected  to  the  residence  by  a  pergola.  In  Fig.  3  is  shown  a  garage 


Fig.  5.  Artistic  Brick  and  Stone  Garage 

which  is  all  wood  except  for  the  floor  and  runway,  the  latter  extend¬ 
ing  the  full  width  of  the  building  in  front.  The  forward  portion 
of  the  garage  is  carried  up  a  second  story  for  the  chauffeur  and  his 
family.  The  building  houses  three  large  cars  and  is  well  equipped. 

An  example  of  hollow  tile  construction  with  a  thin  cement 
plaster  covering  is  shown  in  Fig.  4.  This  holds  two  cars  and  pro¬ 
vides  living  rooms  on  the  second  floor,  similar  to  Fig.  3.  Except 
for  window  frames,  doors,  stairs,  and  roof,  this  is  fireproof,  the  hollow 
tile  giving  the  additional  benefit  of  greater  warmth  in  winter  and 
coolness  in  summer.  As  will  be  shown  presently,  this  material  may 
be  used  without  an  interior  covering. 

A  few  other  types  will  be  discussed  briefly.  Fig.  5  shows  a 
brick  building  with  very  ornamental  stone  trimmings.  This  garage 
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Fig.  6.  All-Frame  Garage  for  Two  Cars 


Fig.  7.  Pretentious  Concrete  Garage  with  Tiled  Roof 
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will  house  two  or  three  cars  and  is  provided  with  double  doors  to 
facilitate  entrance  and  exit,  always  an  important  feature.  Fig.  6 


Fig.  8.  Frame  Garage  with  Plaster  Second  Story 


represents  an  all-frame  structure,  and  Fig.  .7  one  of  concrete  with  a 
tiled  roof  and  holding  three  cars.  Of  all  the  types  so  far  shown,  this 


Fig.  9.  Fireproof  Garage  with  Concrete  Roof 
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Fig.  10.  Excellent  Garage  of  Concrete  and  English  Half  Timbering 


Fig.  11.  Concrete  Garage  in  Pretty  Setting 


Fig.  13.  Brick  and  Concrete  Garage  of  Artistic  Design 
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is  the  most  nearly  ideal  from 
the  point  of  view  of  fire  haz¬ 
ard.  Fig.  8  shows  an  ordi¬ 
nary  frame  structure  with 
plaster  second  story  which 
holds  two  cars.  Fig.  9  shows  a 
fireproof  garage  of  concrete 
on  metal  lath,  built  on  the 
Kahn  system,  the  roof  as 
well  as  the  side  walls  being  of 
concrete.  Fig.  10  illustrates 
the  combination  of  stucco 
plastering  and  English  half 
timbering  with  a  concrete 
and  stone  foundation  wall. 
Architecturally  this  is  as 
pleasing  in  appearance  as 


Fig.  14.  Construction  of  a  Concrete  Form 


Fig.  15.  Metal  Lath  Frame  Prepared  for  Concrete  Garage 
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any  shown.  Fig.  11  is  of  concrete,  Fig.  12  is  of  the  same  material 
in  block  form,  while  Fig.  13  has  a  brick  first  floor  and  stucco  plaster 
over  wood  for  the  second,  and  Fig.  2  is  all  brick. 

Concrete  being  considered  the  best  material  for  garage  con¬ 
struction,  a  few  words  in  detail  will  not  be  out  of  place.  Concrete 
may  be  used  either  as  a  plaster  over  steel  or  other  structure,  the 
thickness  of  this  layer  varying  with  conditions  from  1  inch  up  to  3, 
or  it  may  be  moulded  in  forms  and  allowed  to  set,  in  the  latter  case 
the  thickness  required  being  as  high  as  18  inches. 

When  used  in  forms,  as  many  of  the  latter  must  be  built  as  the 
workmen  can  fill  with  semi-liquid  concrete  at  one  time.  Fig.  14 
gives  the  details  of  such  a  form,  one  end  being  left  open  to  show  the 
foundation  and  wall  thicknesses.  Smooth  boards  must  be  used, 
otherwise  the  resulting  wall  will  be  rough. 

When  metal  lath  is  used  on  a  structural  iron  framework,  Fig.  15, 
the  concrete  is  laid  on  like  plaster.  The  illustration  shows  what  can 
be  done  for  less  than  $200  including  the  contractor’s  profit,  the 
cost  of  each  individual  item  being  given  below.  The  floor  plans  and 
arrangement  will  be  presented  and  discussed  later. 

Cost  of  a  One=Car  Concrete=on=Metal=Lath  Garage 


568  sq.  ft.  of  No.  24  gauge  lath  at  6  cents  per  foot .  $34.00 

535  pounds  of  structural  steel  at  5  cents  per  pound,  ready  for 

erection .  26.75 

3  windows,  with  12X20  glass  1  light  high,  5  wide  .  .  . .  14.00 


Total  materials  cost .  $74.75 

Floor  3  inches  concrete,  1  inch  finish .  $16.80 

Erection  of  structural  steel  and  Hy-Rib,  labor  only .  15.00 

Wall  plastering,  2  inches  thick,  roof  2|  inches .  65.00 

Door,  If  inches  thick,  including  hanging  and  hardware.  ...  20.40 

Glass  and  glazing .  2.80 


Total  work  and  accessories  cost .  $120.00 

Grand  total  of  entire  building,  including  contractor’s  profit .  .  $194 . 75 


The  interior  of  the  hollow  tile  garage,  which  is  shown  com¬ 
plete  in  Fig.  4,  is  brought  out  in  Fig.  16,  the  wall  surface  being  formed 
by  the  tile  themselves,  without  the  aid  of  plaster.  In  the  foreground 
may  be  seen  the  drain,  while  just  above  it  will  be  noted  the  washer 
and  the  electric  lights.  This  building  shows  an  important  advan- 
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Fig.  16.  Interior  of  Fig.  4.  Showing  Plain  Tile  Finish 


Fig.  17.  Convenient  Back-Lot  Garage  of  Simple  Construction 


12 


PRIVATE  GARAGES  AND  REPAIRS 


tage  in  garage  construction,  namely,  the  superior  utility  of  length 
as  compared  with  width. 

One=Car  Designs  in  Detail.  Long  Type.  The  majority  of  gar¬ 
ages  are  of  the  one-car  type,  although  occasionally  it  happens  that 
neighbors  get  together  and  build  a  common  structure,  or  else  one 
man  builds  large  enough  for  three  or  four,  and  rents  space  to  his 
neighbors.  Fig.  17  shows  what  may  be  done  with  the  back  of  an 
ordinary  suburban  lot.  Here  a  small  garage  of  wood  has  been 
erected  at  the  extreme  rear,  with  a  washing  platform  and  runways 


of  cement,  the  whole  being  surrounded  in  a  pleasing  manner  by 
vines  and  trees.  While  the  building  is  not  large  it  saves  the  owner 
many  a  long  walk  to  and  from  the  nearest  public  garage  as  well  as 
considerable  money  in  the  course  of  a  year. 

It  will  be  noted  that  its  size  will  allow  only  room  for  the  car  and 
for  a  passageway  2  feet  wide  on  each  side.  Such  a  scant  amount  of 
space  is  seldom  advisable  if  the  owner  figures  on  doing  his  own  work, 
in  which  case  the  design  should  include  a  well-located  workbench 
and  a  full  stock  of  tools.  The  floor  plan  shown  in  Fig.  18  really 
represents  the  plan  of  Fig.  9  and  of  Fig.  15  slightly  modified.  In 
this  drawing  the  writer  has  included  an  extra  window  on  each  of  the 
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long  sides,  making  this  change  because  of  the  large  number  of  garages 
he  has  seen  which  were  planned  with  too  little  light.  As  a  matter  of 
fact,  when  the  car  is  in  the  building  and  is  blocking  off  the  big  double 
doors  at  the  front,  and  usually  the  one  side  window  also,  some  unob¬ 
structed  window  light  is  absolutely  necessary. 

A  workbench  has  been  included  at  the  rear  end,  with  a  large 
window  over  its  middle,  and  a  turntable  near  the  center  of  the  floor. 
The  floor  space  of  this  garage  is  sufficient  to  allow  turning  a  car,  so 
that  it  may  be  driven  in  front  end  first,  and  then  turned  around  so  as 


Fig.  19.  Square  Type  of  Garage  of  Concrete  Construction 


to  leave  in  the  same  manner.  The  frequent  accidents  caused  by 
backing  out  or  into  the  building  are  thus  avoided,  and  washing  and 
repair  work  are  made  much  easier. 

Square  Type.  The  neat  little  concrete  garage  shown  in  Fig.  19 
is  more  nearly  square  in  shape  than  those  already  shown.  This 
brings  up  the  question  whether  the  square  or  the  long  type  of  equiva¬ 
lent  area  is  preferable.  Some  hold  that  the  short,  nearly  square  shape 
presents  the  most  advantages,  since  everything  is  close  together; 
others  believe  that  the  long,  narrow  shape  has  many  advantages  over 
the  square  form. 

For  this  reason  two  sketches  of  typical  floor  layouts,  Figs.  20 
and  21,  have  been  prepared.  The  former  measures  17X18  feet, 
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and  its  inside  area  about  283  square  feet,  while  the  latter,  meas¬ 
uring  14X22  feet  6  inches,  has  about  295  square  feet  of  floor 
area  inside,  a  difference  of  about  4  per  cent.  At  a  glance  the 
longer  one  shows  more  working  space,  although,  to  be  perfectly 
fair  to  the  square  type  on  this  point,  the  turntable  in  Fig.  20  should 
be  as  close  to  the  front  door  as  in  Fig.  21. 

As  to  window  space  the  two  types  are  about  equal,  the  extra 
back  window  and  the  two  small  front  windows  in  the  square 


type  being  offset  by  the  larger  number  of  windows  which  can  be  used 
on  the  sides  of  the  long  type.  When  working  on  a. dismantled  car, 
however,  for  occasional  repairs  or  during  the  spring  and  fall  over¬ 
haul,  the  design  of  Fig.  21  gives  more  open  area  at  the  back,  clearer 
bench  room,  and  freer  window  space. 

Portable  Form.  It  would  not  be  quite  fair  to  dismiss  the  one- 
car  garages  without  mention  of  the  portable  form.  This  type,  an 
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excellent  specimen  of  which  is  shown  in  Fig.  22,  has  the  attractive 
feature  to  the  busy  man  of  being  sold  ready  for  use  by  its  makers. 
The  one  shown  is  12X18  feet  inside,  and  is  made  in  sections.  To 
the  man  who  does  not  own  his  home,  it  solves  one  highly  important 
point  that  of  the  disposition  of  his  building  should  he  move.  A 
portable  garage  is  simply  dismantled  and  erected  at  the  new  quar¬ 
ters,  none  the  worse  for  the  change. 


Two=  and  Three=Car  Designs.  Turning  next  to  the  garages 
which  are  built  primarily  for  two  or  more  cars,  and  which  in  the 
main  are  more  commodious  and  better  appointed  throughout,  there 
enters  for  the  first  time  the  consideration  of  the  quarters  for  the 
driver  and  his  family.  Sometimes,  although  the  construction  of  the 
building  may  be  very  elaborate,  the  element  of  convenience  and 
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adaptability  has  often  been  ignored  entirely.  Such,  for  instance,  is 
the  garage  shown  in  Fig.  23,  the  plans  for  which  may  be  seen  in  Fig. 
24.  The  building  is  two  stories  high,  the  second  being  given  over  to 
living  rooms  entirely.  Even  on  the  first  floor,  the  coal  storage,  fur¬ 
nace,  storeroom,  entry,  stairs,  and  charging  room  for  batteries  take 
up  more  than  one  quarter,  so  that,  of  the  total  area,  the  cars  have  less 
than  three  eighths.  In  considering  this  design,  it  will  be  noted  that 
aside  from  the  double  front  doors,  there  is  little  provision  for  light. 
The  car  room,  measuring  25X30  feet — that  is,  750  square  feet — has 
only  four  windows,  all  small  and  all  at  one  end.  The  rear  of  this 


Fig.  22.  Portable  Type  of  Garage 

room  has  no  windows,  nor  has  the  repair  room,  with  its  pit,  any  light 
except  when  the  doors  to  the  store  and  charging  rooms  are  left  open. 
A  better  arrangement  could  have  been  effected  by  placing  the  coal  and 
charging  rooms  in  the  center  and  the  repair  room  with  pit  on  the  corner. 

Almost  as  bad  in  this  respect  is  the  English  garage,  Fig.  25. 
where  three  tiny  end  windows,  over  40  feet  apart,  and  as  many 
skylights  some  20  feet  in  the  air,  are  depended  upon  to  illuminate 
the  whole  interior  of  a  building  measuring  30X46  feet.  This  garage 
has  steel  roller  blinds  for  the  entering  doors,  so  that  with  these  closed 
no  light  can  be  expected  from  that  side  as  might  be  the  case  with 
wood  paneled  and  glass  forms. 
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An  improvement  over  both  may  be  seen  in  Fig.  26  which  is  of 
field-stone  construction.  Although  it  houses  but  two  cars,  it  is 


Fig.  23.  Example  of  Pretentious  Private  Garage  with  Bad  Interior  Design 


QPOUND  FLOOQ  SECOND  FLOOJ2 

Fig.  24.  Floor  Plans  of  Garage  Shown  in  Fig.  23 


sufficiently  large  for  three,  having  interior  dimensions  of  20X30  feet. 
The  interior  has  a  wash  stand  and  lockers  at  the  entrance  on  the 
right.  At  the  back,  on  the  same  side,  are  a  forge,  anvil,  drill  press, 
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and  other  tools.  In  the  middle  of  the  rear  side  is  a  large  fireplace, 
while  the  entire  left  side  is  taken  up  with  a  wide  workbench  which 


Fig.  26.  Stone  Garage  of  Good  Construction 


runs  from  front  to  rear.  The  doors  are  double,  each  half  folding 
up  into  three  sections.  When  all  are  folded  back,  practically  the 
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entire  front  of  the  building  is  open.  For  lighting  there  are  four 
rear  windows,  which  are  visible,  and  two  on  each  side,  while  it  will 
be  noted  every  section  of  the  doors  carries  a  large  pane  of  glass. 

A  design  of  a  one-story  garage  having  chauffeur’s  quarters  has 
already  been  shown  in  Fig.  11.  The  ground  plan  is  shown  in  Fig.  30. 
This  is  large  enough  for  two  cars,  a  big  workshop  being  provided  in 
one  rear  corner  where  there  is  plenty  of  room  and  light,  while  the  size 
of  the  building  allows  of  a  very  comfortable  home  for  a  single  driver. 
Entrance  is  by  double  door,  with  place  for  washing  both  cars  at  once. 


Fig.  27.  When  the  Lay  of  the  Land  Demands  It,  the  Basement  Garage  is  Extremely 
Convenient 

Near  the  door  is  placed  a  supply  of  water  for  filling  the  radiator, 
and  also  the  gasoline  and  oil  supply  pipes.  In  case  repairs  are 
needed,  it  is  possible  to  drive  directly  into  the  workshop,  over  the 
pit,  and  start  work  on  the  car  immediately.  Where  any  work  must 
be  done  under  a  car,  either  a  pit  or  a  substitute  for  one  is  a  necessity. 

Sometimes  the  lay  of  the  land  makes  it  difficult  to  arrange  the 
garage  separately  from  the  house  as,  for  instance,  when  the  latter 
is  built  on  a  hillside  or  other  sloping  ground.  In  a  case  of  this  sort, 
the  garage  may  be  built  into  the  basement  in  such  a  way  as  to  save 
much  expense  in  the  building  construction.  An  arrangement  as 
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shown  in  Fig.  27  has  the  advantage  of  bringing  the  car  close  to  the 
heating  plant,  so  that  the  usual  heating  problem  is  much  simplified; 
while  having  the  car  inside  the  house,  so  to  speak,  makes  for  econ¬ 
omy  of  the  owner’s  time  in  coming  in  and  going  out,  in  doing  work 
on  the  car,  and  otherwise. 

Along  similar  lines  but  of  a  different  nature  is  the  garage  and 
boathouse  combination  shown  in  Fig.  28.  This  is  located  at  the 
foot  of  a  hill  at  the  top  of  which  is  the  owner’s  house.  This  appar¬ 
ently  unfavorable  location  turns  out  to  be  very  desirable  because  it 


Fig.  28.  Combination  of  Garage  and  Motorboat  House,  Along  the  Same  Lines  as  the 
Basement  Garage,  Fig.  27 


is  at  the  water’s  edge.  In  this  position,  the  part  on  the  water  side 
extends  down  low  enough  to  form  an  admirable  place  for  the  motor- 
boat,  thus  housing  the  two  motors,  car  and  boat,  in  the  one  build¬ 
ing.  An  inside  stairway  makes  communication  easy,  while  the 
majority  of  the  windows  are  on  the  water  side.  Unfortunately  this 
picture  was  taken  at  low  tide,  so  that  very  little  water  is  visible. 


GARAGE  EQUIPMENT 

General  Equipment.  In  the  planning  of  the  general  equipment 
of  a  garage  considerable  stress  should  be  laid  upon  lighting,  heating, 
ventilation,  water  supply,  drainage,  and  similar  items. 
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Lighting.  The  necessity  for  plenty  of  window  space  has  been 
dwelt  upon  at  some  length  in  individual  cases  already  discussed,  so 
nothing  more  need  be  said  except  that  it  is  impossible  to  get  a  garage 
interior  too  well  lighted.  In  fact,  were  it  not  for  the  matter  of 
warmth  in  winter,  it  would  be  advisable  to  build  the  walls  or  at  least 
the  roof  of  glass.  Skylights  are  excellent,  the  light  from  above 
appearing  to  have  more  illuminating  power  than  that  from  windows, 
in  addition  to  which  it  is  more  difficult  to  cut  it  off.  In  the  way  of 
artificial  illumination,  electricity  is  the  preferable  form,  since  gas, 


Fig.  29.  The  Combined  Garage  and  Greenhouse  Makes  a  Very  Handsome  and  Useful 
Structure 

kerosene,  and  practically  all  other  lamps,  present  an  open  flame, 
which,  in  the  case  of  a  gasoline  leak,  may  cause  an  explosion. 

Heating.  Heating  is  generally  neglected,  but  the  man  who  has 
overlooked  it  and  then  been  obliged  to  work  on  the  car  for  several 
hours  during  a  winter  day,  will  agree  that  this  equipment  is  impor¬ 
tant,  even  though  it  be  only  a  couple  of  portable  oil  stoves.  Any 
kind  of  stove  with  open  flame  is  dangerous,  however,  where  so  much 
gasoline,  oil,  and  other  highly  inflammable  materials  are  handled, 
hence  the  source  of  heat  should  be  either  steam,  hot  water,  or  hot 
air,  with  the  fire  located  outside  of  the  building,  or  else  partitioned 
off  from  the  main  garage. 

Where  the  garage  is  on  a  good-sized  place  with  a  greenhouse, 
the  heating  problem  is  much  simplified.  Then,  it  is  merely  a  matter 
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of  combining  the  two,  for  the  greenhouse  must  have  heat  practically 
the  year  round,  and  with  this  abundant  supply  but  a  short  distance 
away,  say  not  to  exceed  10  or  12  feet,  it  means  only  a  few  more  pipes 
and  a  couple  of  additional  radiators.  In  that  arrangement,  when 
the  garage  is  too  cold  for  comfort  or  for  the  safety  of  the  water¬ 
cooling  system,  it  is  only  necessary  to  turn  on  a  valve  or  two  or  to 
open  a  door  to  the  heating  room.  As  this  heating  room  is  midway 
between  the  garage  and  the  greenhouse,  it  makes  an  admirable 
location  for  the  workshop. 


This  combination  has  the  advantage,  too,  of  giving  a  regular 
heater.  Many  a  man  who  would  hesitate  to  put  much  of  a  heating 
plant  into  a  simple  one-  or  two-car  garage,  would  not  hesitate, 
when  combining  this  with  his  greenhouse  to  go  the  limit  on  the 
combination  heating  plant.  Naturally  the  garage,  the  car,  and  the 
man  who  has  to  work  on  it,  get  the  benefit  of  this.  With  a  steam 
system  of  heating — the  usual  form  for  greenhouses — this  would  make 
it  possible  to  have  a  small  steam  engine  which  could  provide  power 
in  the  repair  shop  at  small  additional  expense.  This  arrangement, 
too,  in  the  real  suburban  districts,  makes  it  possible  for  the  owner 
to  generate  his  own  electric  current  for  lighting,  etc. 

Ventilation.  Ventilation  is  doubly  important  in  a  garage  for, 
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despite  the  fact  that  gasoline  liquid  is  very  light,  its  vapor  is  heavier 
than  air.  The  vapor,  therefore,  falls  instead  of  rises,  as  one  might 
suppose  and  the  inflammable  fumes  lying  along  the  floor  as  the  result 
of  spilled  fuel  are  a  source  of  danger  for  a  long  time.  A  garage  should 
always  have  two  openings  for  ventilation,  one  placed  near  the  ceiling 
or  roof,  and  the  other  close  to  the  floor.  This  will  take  care  of  all 
possible  cases,  and  if  the  openings  are  made  large  enough,  a  constant 
draft  will  be  maintained  which  will  keep  the  air  inside  pure  and  free 
from  all  dangerous  gases. 


Fig.  31.  Heating  Arrangement  in  Garage 


Water  Supply.  Water  supply  in  the  city  is  no  problem  at  all, 
simply  a  matter  of  running  a  pipe  from  the  house  to  the  garage  with 
a  suitable  faucet,  but  in  suburban  or  country  places,  it  is  not  always 
as  simple.  Wherever  possible,  there  should  be  at  least  two  connec¬ 
tions  for  running  water  within  the  building,  one  for  washing  pur¬ 
poses,  and  the  other  for  general  use.  In  addition,  it  is  well  to  provide 
a  method  of  heating  water  for  use  in  winter.  If  the  car  be  used  the 
year  round,  as  is  usually  the  case,  it  is  decidedly  inconvenient  to 
wash  it  with  cold  water  during  the  months  of  December  and  January. 
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This  convenience  may  be  provided  in  conjunction  with  the  heating 
system  for  the  building,  Fig.  31  showing  a  furnace  which  supplies 
hot  water  to  a  series  of  radiators  arranged  upon  the  walls,  com¬ 
paratively  close  to  the  floor,  as  well  as  to  the  overhead  washer.  The 
result  is  that  the  owner  has  not  only  a  comfortable  place  to  work  at 
all  times,  but  a  car  which  is  well  kept. 

Drainage.  The  matter  of  drainage  should  have  early  attention. 
A  proper  drain  is  one  which  will  pass  the  water  and  other  liquids 

out  to  the  sewer  but  will 
retain  the  more  inflammable 
gasoline.  This  separation  is 
effected  through  the  ability 
of  gasoline  to  float  upon  water 
and  other  heavy  liquids.  As 
in  the  form  shown  in  Fig.  32, 
the  outlet  is  covered  by  a 
depth  of  water,  which  acts  as 
a  water  seal.  The  open  space 
above  the  liquids,  on  the 
other  hand,  is  connected  by 
means  of  a  vent  pipe  to  the 
roof  or  other  place  where  the 
gases  which  form  may  pass  off 
harmlessly.  When  the  water 
accumulates  to  the  depth  of 
the  outlet,  a  quantity  will  siphon  off  from  the  bottom,  not  the 
top.  As  soon  as  the  lower  edge  of  the  vertical  partition  is  reached, 
air  will  enter,  the  flow  will  stop,  and  the  gasoline  will  remain  in 
the  drain. 

Source  of  Power.  In  constructing  a  large  garage,  it  is  well  to 
consider  the  subject  of  power,  and  make  some  provision  for  it.  This 
may  be  done  by  suspending  an  induction  motor  from  the  ceiling, 
belting  it  to  a  line  shaft,  suspended  from  the  same,  with  suitable 
belts  and  countershafts  for  the  individual  tools.  If  the  house  is  of 
concrete,  bolts  may  be  set  into  the  ceiling  at  the  time  of  building, 
even  though  no  immediate  use  for  them  is  planned,  thus  saving  a 
great  amount  of  work  later. 

Oil  and  Gasoline.  Little  need  be  said  of  the  handling  of  oils 


Fig.  32.  Details  of  Proper  Drain  for  Garage 
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and  gasoline,  since  it  is  now  so  generally  understood  that  the  only 
way  to  handle  either  gasoline  or  oil  is  by  means  of  tanks.  When 
everything  is  considered  it  will  be  found  more  economical,  more  safe, 
and  more  convenient,  to  purchase  some 
well-known  system  in  the  desired  size. 

For  those  who  desire  to  install  their  own 
system  the  following  is  suggested :  A  seam¬ 
less  steel  tank  C  with  three  outlets,  one  large 
for  filling  purposes,  and  buried  in  the  ground 
about  as  shown  in  Fig.  33,  should  be  obtained.  1 
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Fig.  33.  Arrangement  for  Outside  Fuel  Tank 

Next  a  supply  of  galvanized  iron  pipe  of  comparatively  small  diam¬ 
eter  should  be  secured  and  attached  to  the  tank.  The  two  pipes 
proceed,  one  pipe  D  from  the  bottom  of  the  tank  into  the  building, 
and  up  to  such  a  height  E  as  would  be  convenient  for  drawing  off 
the  fuel;  the  other  pipe  B  runs  from  the  top  of  the  tank  to  a  source 
of  compressed  air,  such  as  may  be  supplied  by  an  old  bicycle  pump  A. 

When  there  is  fuel  in  the  buried  container,  it  is  only 
necessary  to  open  the  air  cock  and  pump  a  little  on 
the  foot  pump.  The  pressure  in  the  tank  will  then 
force  out  the  fuel  at  the  other  pipe  when  the  cock  E 
is  opened.  When  not  in  use,  both  cocks  should  be 
closed.  The  tank  must  be 
- — - buried  below  the  frost  line  and 
the  filling  cap  F  should  be  so 
Fig.  34.  Ceiling  Washing  Appliance  arranged  that  it  can  be  locked. 

Washing  Apparatus.  An  overhead  washer  is  admitted  to  be 
the  best  form  and  one  which  can  be  easily  made  as  shown  in  Fig.  34. 
This  is  constructed  from  ordinary  water  pipe,  preferably  galvanized, 
and  various  standard  fittings,  only  two  special  fittings  being  needed, 
viz,  a  swivel  joint,  without  which  the  apparatus  could  not  turn,  and 
a  special  fitting  to  which  the  brace  is  attached.  The  top  portion  is 
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only  a  form  of  protective  hanger,  inside  of  which  the  feed  pipe  is 
attached  by  an  elbow  joint,  to  which  the  vertical  member  is  screwed. 
The  whole  arrangement  is  susceptible  of  considerable  simplification, 
even  over  that  illustrated. 

Turntable.  One  of  the  drawbacks  of  the  small  building  has 
previously  been  mentioned,  viz,  the  necessity  for  backing  the  car  in 
or  out.  This  may  be  avoided  by  installing  a  turntable,  the  car  being 


turned  around  on  this,  so  as  to  enter  and  leave  facing  forward. 
An  excellent  form  of  turntable  is  shown  in  Fig.  35.  The  turning 
portion  is  mounted  on  a  central  row  of  very  large  balls,  supported 
on  a  raceway.  Farther  out  are  set  eight  rollers,  upon  which  the  table 
will  roll  if  the  load  is  not  exactly  balanced.  When  properly  balanced 
the  whole  may  be  turned  on  the  balls  with  little  or  no  effort. 

There  are  numerous  advantages  of  a  turntable  other  than  turn- 
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ing  the  car  around,  for  example,  it  allows  a  greater  amount  of  floor 
area  to  be  utilized;  it  facilitates  the  handling  of  the  machine  when 
washing;  and  it  enables  one  to  easily  turn  the  car  so  as  to  get  the 
best  light  on  a  particular  part  which  needs  repair. 

Supply  Cabinet.  One  of  the  things  to  be  learned  at  the  outset 
is  that  the  automobile  has  from  2,000  to  3,000  separate  and  distinct 
parts  and  that  if  these  are  spread  about  promiscuously  they  will 
doubtless  get  mixed  up,  mislaid, 
or  lost.  To  avoid  this  occurrence, 
a  systematic  and  orderly  method 
must  be  followed,  as,  for  instance, 
the  use  of  boxes  for  all  parts  which 
are  removed,  each  properly  mark¬ 
ed,  and  for  the  smaller  units,  a 
cabinet  like  that  shown  in  Fig.  36. 

The  latter  is  a  small  cabinet  of 
octagonal  shape,  pivoted  on  a 
central  spindle  so  that  it  may  be 
turned.  A  total  of  96  compart¬ 
ments  are  available  for  the  smal¬ 
ler  parts,  as  well  as  for  screws  of 
the  various  sizes,  nuts,  bolts,  cap 
screws,  cotter  pins,  lock  washers, 
and  the  innumerable  odds  and 
ends  which  accumulate  as  time 
goes  on  and  which  so  often  fur¬ 
nish  the  one  thing  needful  to  the 
desperate  repair  man  at  the  prop¬ 
er  moment. 

Tools.  In  planning  his  garage  the  car  owner  should  not  forget 
that  there  is  something  to  be  done  besides  build  the  house.  The 
equipment  of  small  and  machine  tools  should  be  fairly  complete  if 
the  maximum  saving  in  repair  charges  is  to  be  made.  It  will  be  wise, 
therefore,  at  the  outset  to  have  a  very  close  estimate  of  cost  made 
for  building  alone,  and  then  apportion  the  balance  of  the  available 
funds  to  tools  and  equipment,  calling  upon  some  experienced  friend 
for  a  list  of  requisite  tools,  and  obtaining  an  estimate  of  their  cost 
from  a  supply  house.  Many  men  have  divided  the  available  money 
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in  two  equal  parts,  one  for  the  building,  the  other  for  its  equipment. 
Although  this  seems  like  an  extreme,  the  tools  are  certainly  necessary 
and  do  not  come  with  the  car.  For  example,  the  list  should  include 
vulcanizer,  power  air-pump,  set  of  drills,  taps,  reamers,  set  of  wrenches, 
wheel  pullers,  set  of  files,  voltmeter,  ammeter,  hydrometers,  drip 
pans,  funnels,  waste  and  waste  cans,  gasoline  and  oil  storage  tank, 
tire  and  rubber  tools  and  supplies  other  than  vulcanizer,  hack  saw 
%and  blades,  various  punches,  chisels,  scrapers,  wrenches,  pliers, 
screw  drivers,  and  valve  lifters. 


Fig.  37.  Machine  Shop  a  Necessary  Feature  of  the  Garage 

If  one  is  limited  as  to  funds,  he  has  the  choice  of  spending  it  all 
on  the  garage  and  buying  no  tools  immediately,  but  laying  in  a  supply 
gradually  later  on  as  the  necessity  for  them  arises,  or  of  dividing 
the  money  between  the  garage  and  tools  in  some  such  ratio  as  will 
enable  the  handling  of  repairs  right  from  the  start.  The  writer  favors 
the  latter  plan,  with  the  division  about  75  per  cent  for  garage  and  25 
per  cent  for  tools. 

Mention  has  been  made  of  the  provision  of  a  power  motor 
and  shafting  for  running  such  machine  tools  as  would  be  useful  or 
necessary  in  a  small  shop.  Fig.  37  represents  a  good  arrangement 
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of  tools,  including  lathe,  drill  press,  forge  and  anvil.  With  this  fairly 
inexpensive  combination,  any  small  job  on  the  ordinary  machine 
can  be  handled  with  pleasure  and  profit  . 

Considerable  diffidence  is  felt  about  advice  on  the  subject  of 
small  tools,  because  of  the  wide  divergence  of  ideas  on  this  subject. 
Some  amateur  owners  have  upwards  of  200  tools  while  others  get 
along  and  keep  the  car  in  repair  and  good  running  order  with  20. 
Each  man  must  decide  in  which  class  he  belongs  and  purchase  his 
tools  accordingly. 

Below  is  given  a  list  of  tools  and  equipment  as  an  example  of 
what  the  owner  of  an  old  car  considered  necessary. 


Tool  and  Material  Equipment 

Block  and  tackle . 

Fire  extinguisher . 

Wiring  garage . •' . 

Vulcanizer . 

Two  jacks . 

Complete  set  of  tools . 

Grease  and  oil  gun . 

Rubber  hose . 

Overalls  and  jacket . 

Drip  pan,  3X3  feet . 

One  piano  dust  brush . 

Two  whisk  brooms . 

One  broom . 

Camp  stool . 

Two-gallon  can  for  oil . 

Three  5-gallon  cans  for  gasoline . 

One  long  stem  oiler . 

Three  short  stem  oilers . 

Bucket . 

Pressure  gauge  (tires) . 

Large  funnel . 

Oil  funnel . 

Glass  funnel . 

Supply  of  porcelains . 

Two  pieces  of  chamois . 

Large  sheep’s  wool  sponge . 

Box  waste . . 

Odds  and  ends . 


$  3.50 
16.00 
10.50 
20.00 

6.50 
15.00 

4.50 

7.50 

1.50 
1.35 

.75 

.75 

.25 

.50 

.30 

1.50 
.75 
.75 
.40 

3.50 
.50 
.50 
.35 

1.50 
1.50 

1.50 
1.00 

7.50 


A  full  page  of  tools  is  shown  in  Fig.  38,  from  which  the  amateur 
worker  may  make  his  choice.  The  outfit  should  contain  two  ham¬ 
mers,  one  light  to  carry  in  the  car,  and  a  heavy  one  to  have  around 
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Fig.  38.  Necessary  Tools  for  Garage 
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the  building;  the  set  of  files  should  be  complete  as  to  shape,  grade, 
and  size,  those  shown  being  for  shape  only;  the  hack  saw  is  a  hand 
tool,  to  be  replaced  by  a  power-driven  affair  if  the  work  warrants  it; 
and  the  torch  is  needed  with  the  solder,  and  many  times  is  useful 
in  taking  off  stubborn  nuts  or  bolts. 


Homemade  Equipment.  There  are  a  number  of  useful  things 
in  the  tool  line,  which  any  one  so  disposed  can  make.  Thus,  for 
working  under  the  car  a  creeper,  Fig.  39,  is  almost  a  necessity  unless 
the  garage  includes  a  pit  or  a  substitute  for  it.  The  creeper  consists 
of  a  wood  frame  with  casters  at  the  four  corners  and  longitudinal 
slats  as  a  floor.  A  pillow  or  rest  may  be  made  for  the  head  if 
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desired.  Figs.  40  and  41  show  a  couple  of  stands  which  are  useful 
in  handling  parts  of  the  car  when  disassembling  or  reassembling  it. 
Fig.  40  is  heavier  and  is  used  for  moving  engines,  transmissions,  or 
axles  around,  while  Fig.  41  is  for  holding  a  body  while  the  chassis 
work  is  in  progress. 

Lifting  heavy  bodies  to  a  considerable  height  by  means  of  the 
small  jack  usually  furnished  with  the  car,  is  very  laborious.  To 
offset  this,  a  quick-lifting  jack  may  be  made,  as  outlined  in  Fig.  42. 
This  is  nothing  but  a  lever  of  the  first  class,  which  has  a  suitable 
base.  The  latter  is  made  from  a  piece  of  2- X  8-inch  hard  wTood,  into 
which  are  let  a  couple  of  2- X  4-inch  side  pieces,  preferably,  also,  of 
hard  wood.  The  space  between  the  uprights  then  would  be  4  inches. 


into  which  should  be  fitted  a  long  handle.  It  is  evident  that  the 
longer  the  long  arm  is,  compared  to  the  short  arm,  the  greater  the 
weight  which  one  man  can  lift.  One  which  was  seen  in  a  public 
repair  shop  and  garage  was  not  less  than  8  feet  long,  the  forward 
projection  being  about  16  inches,  which  gave  a  five  to  one  leverage. 
With  this,  one  man  would  lift  the  whole  rear  end  of  a  car  from  6  to 
10  inches  in  less  time  than  it  takes  to  tell  it. 

If  the  owner  likes  this  form  of  jack,  it  is  as  easy  to  make  two  of 
them  coupled  together,  as  it  is  one.  In  this  case,  the  two  can  be 
coupled  together  at  just  the  right  width  for  the  car,  and  thus  enable 
the  lifting  of  the  entire  rear  end  of  the  car  with  one  motion.  It 
requires,  however,  a  little  more  leverage  because  of  the  fact  that 
the  weight  lifted  is  double  the  amount  lifted  when  the  single  form 
is  used.  Furthermore,  with  a  big,  heavy  car,  the  construction  must 
be  correspondingly  heavier.  An  outfit  of  this  type  is  used  by  racing 
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drivers  for  changing  tires  or  wheels  during  a  race,  the  framework  in 
such  cases  being  made  from  piping  or  tubing.  When  the  car  comes 
to  a  sudden  stop,  a  man  shoves  the  end  of  the  quick-lifting  jack 
under  the  rear  axle  of  the  car,  throws  his  weight  onto  it,  and  the  whole 
rear  end  of  the  car  is  lifted  up  six  or  eight  inches. 

If  the  owner  of  the  car  figures  on  handling  bodies,  it  is  an  excel¬ 
lent  idea  to  have  built  in  across  the  upper  part  of  the  car  room  a 
fairly  heavy  beam  of  wood  or  steel.  If  this  is  built  in  when  the 
structure  is  put  up,  it  is  always  available.  Then,  when  desiring  to 
lift  a  body,  engine,  transmission,  or  other  heavy  part  without  much 
help,  a  block  and  tackle  or  one  of  the  many  excellent  multiplying 
mechanical  hoists  can  be  attached  to  the  beam  and,  after  fasten¬ 
ing  ropes  or  chains  to  the  heavy  or  bulky  part,  it  may  be  readily 
moved  wherever  desired. 

The  ingenious  man  will  think  of  many  similar  time-  and  labor- 
saving  contrivances  which  he  can  make.  For  example,  the  writer 
has  found  it  an  excellent  idea  to  build  four  small  but  very  sturdy 
sawhorses,  two  14  inches  and  two  16  inches  high,  just  high  enough 
to  allow  the  tires  to  clear  the  floor  when  these  are  placed  under  the 
axles.  The  use  of  these  saves  the  time  of  the  jack  so  much  that 
they  are  in  use  practically  all  of  the  time. 

The  combination  of  these  small  horses  with  the  single  or  double 
quick-lifting  jack  practically  eliminates  the  use  of  the  ordinary 
slow-acting  metal  jack.  The  quick-lifting  jack  is  shoved  under  the 
axle,  its  lever  pressed  down,  and  the  axle  immediately  raised.  Then 
one  of  the  small  sawhorses  is  slid  under  it  to  hold  it  up,  and  the 
quick-lifting  jack  removed.  Letting  the  axle  down  is  just  as  easily 
and  quickly  done.  This  combination  of  two  home-made  articles  has 
very  evident  utility  and  is  a  big  time  and  labor  saver,  for  the  ordi¬ 
nary  jack,  while  a  useful  implement  on  the  road,  is  a  slow,  laborious 
tool  in  the  shop. 

Another  good  idea  is  a  dark  room  or  winter  box  for  the  tires. 
This  should  be  square,  larger  on  each  side  than  the  tire  diameter  by, 
say,  2  inches,  and  in  depth  an  inch  or  so  more  than  four  times  the 
tire  section;  that  is,  for  30- X 3-inch  tires,  the  dimensions  should  be 
32  inches  square  and  about  14  inches  deep.  This  should  be  lined 
with  a  dark  felt  or  some  similar  heavy  material  of  dark  color,  and 
fitted  with  a  hinged  and  locked  cover.  It  should  be  placed  in  a 


34 


PRIVATE  GARAGES  AND  REPAIRS 


dry  place,  or  if  this  is  not  possible,  should  be  set  up  on  legs  so  as 
to  raise  it  about  2J  feet  off  the  floor. 

The  idea  of  this  box  is  to  keep  the  tires  in  a  cool,  dry,  dark 
place — a  condition  necessary  to  prolong  their  life,  rubber  experts 
say.  Obviously,  the  box  can  set  on  any  side  or  edge,  or  be  made  in 
any  way,  so  long  as  this  object  is  attained.  Some  prefer  separate 
boxes  for  each  tire. 

General  Instructions.  In  starting  the  work  of  disassembling 
the  car,  a  few  general  rules  should  be  laid  down  and  rigidly  followed. 
First,  never  remove  a  part  whose  location  can  possibly  be  mistaken, 
or  which  can  be  put  back  in  a  wrong  position,  without  marking  it. 
Second,  always  find  out  from  a  catalogue,  instruction  book,  dealer, 
or  friend,  how  a  particular  part  is  fastened  on  before  trying  to  force 
it  off.  Third,  do  not  get  impatient  if  the  piece  does  not  loosen  with 
the  first  application  of  force;  try  again  and  again.  Fourth,  use 
plenty  of  lubricant  at  all  times,  and  don’t  be  afraid  to  dip  your 
hands  into  it;  aside  from  washing  off  readily,  it  will  actually  make 
your  hands  softer. 

The  wisdom  of  the  first  caution  is  noted  in  the  case  of  the  timing 
gears,  which  must  be  in  exact  position  relative  to  one  another.  If 
they  are  not  already  marked  the  car  owner  must  do  it,  or  else,  when 
he  comes  to  assemble,  he  will  be  obliged  to  go  through  the  process  of 
retiming,  a  long,  tedious,  and  difficult  job.  A  few  minutes’  work 
with  a  hammer  and  prick  punch  will  prevent  this  and  insure 
exact  timing. 

As  to  the  second  caution,  it  should  be  noted  that  if  an  attempt  is 
made  to  pull  off  a  gear,  collar,  or  other  part  which  is  screwed  on,  but 
which  the  operator  assumes  is  keyed  or  pinned,  the  part  will  probably 
be  spoiled  before  the  mistake  is  discovered,  entailing  extra  expense 
and  delay.  Many  times  a  gear  is  such  a  close  fit  on  a  shaft  that  it  has 
to  be  heated  to  free  it,  even  after  all  other  fastenings  have  been 
removed.  In  a  case  of  this  sort,  all  the  repair  man  can  do  is  to  be  sure 
he  is  right,  and  then  keep  at  it  until  it  comes  off.  As  soon  as 
the  refractory  part  has  been  started,  a  little  lubricant  should 
be  squirted  in,  and  the  piece  driven  back  to  its  former  position. 
It  will  then  start  off  a  second  time  much  easier  and  go  farther. 
In  similar  ways,  lubricant  is  as  useful  in  disassembling  as  it  is  in 
running  the  car. 
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REPAIRS 

OVERHAULING  THE  ENGINE 

General  Instructions.  By  far  the  most  important  part  of  the 
car  is  the  engine,  and  this  should,  therefore,  receive  the  greater 
portion  of  the  time  and  attention  during  any  repair  or  overhaul 
work,  going  so  far  as  to  take  it  out  of  the  chassis  if  the  trouble  is 
at  all  serious.  For  this  purpose,  all  ignition  wires  and  carbureter 
and  magneto  operating  rods  are  detached.  Next  the  various  mani- 


Fig.  43.  Dismounting  the  Engine  for  Repair 

folds  are  removed,  the  water  system  is  drained,  and  all  hose  connec¬ 
tions  are  broken.  Usually  it  is  necessary  also  to  take  the  radiator 
off,  in  which  condition  the  appearance  of  the  vehicle  and  the  work 
is  very  much  like  that  presented  in  Fig.  43,  which  shows  two  men 
busily  engaged  in  loosening  up  certain  parts  of  the  engine  prepara¬ 
tory  to  taking  it  out. 

When  all  accessories  have  been  removed  or  loosened  up,  the 
holding  bolts  are  taken  out,  and  the  clutch  disconnected,  leaving 
the  motor  free  to  be  swung  out  by  means  of  a  small  crane  or  hoist. 
In  some  cases,  the  work  can  be  completed  without  disturbing  the 
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Fig.  44.  Engine  Dismounted  Showing  Cylinders  Removed 


Fig.  45.  Removing  Carbon  with  File 
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base  of  the  motor,  as  in  Fig.  44,  which  shows  a  big  car  partly 
disassembled  for  repairs,  the  radiator  and  cylinders  being  off  at  this 
stage.  The  trouble  here  was  found  within  the  cylinders,  hence, 
as  soon  as  they  had  been  removed,  the  balance  of  the  six-cylinder 
motor  and  its  chassis  could  remain  undisturbed. 

Removal  of  Carbon.  One  of  the  first  things  the  owners  will 
meet  is  the  removal  of  carbon.  When  the  offending  member  has 
been  brought  out  so  it  can  be  handled,  the  removal  of  the  carbon 
can  be  accomplished  in  a  few  minutes.  As  shown  in  Fig.  45,  the 
scraper  is  made  from  an  old  file,  flattened  out  at  the  end,  and  ground 
down  so  as  to  present  one  sharp  edge.  Every  owner  should  accumu¬ 
late  from  five  to  a  dozen  shapes  and  sizes  of  scrapers  for  various 
work,  including  a  flexible  one  with  which  to  reach  into  corners, 
etc.  A  flat  piston  head  like  that  shown  can  be  scraped  off  with  any 
knife  or  chisel,  but  a  special  tool  is  better.  The  carbon  is  brittle 
and  comes  off  readily,  after  which  the  surface  should  be  filed  or 
rubbed  over  with  emery  and  oil  to  make  it  smooth,  in  order  to  delay 
the  formation  of  a  second  coat.  This  is  true  of  carbon  in  other  places, 
but  usually  it  is  impossible  to  smooth  the  surface,  in  which  case  the 
process  must  stop  when  the  part  is  scraped  clean. 

Another  method  of  removing  carbon  is  the  introduction  of  a 
metal  object,  as  a  ball  or  a  piece  of  chain,  which  the  piston  is  allowed 
to  bounce  up  and  down,  the  object  being  to  break  up  the  carbon. 
This  is  successful  but  there  is  always  the  danger  of  the  part  getting 
under  a  valve  or  other  part  and  causing  trouble. 

A  better  way  is  to  couple  up  a  number  of  short  lengths  of  chain — 
old  tire  chains  will  do — and  attach  them  to  the  flexible  shaft  of  a 
buffing  or  polishing  outfit,  as  shown  in  Fig.  46.  This  chain  and 
shaft  end  can  then  be  introduced  into  the  combustion  chamber 
and,  when  the  current  is  turned  on,  the  rotation  breaks  off  all  carbon. 

Nowadays,  however,  most  of  the  carbon  removal  is  done  by 
means  of  liquid  solvents.  Of  these,  kerosene,  denatured  alcohol, 
and  special  preparations  are  the  most  widely  known  and  used.  Ker¬ 
osene  is  used  when  returning  from  a  trip.  Just  before  stopping  the 
engine,  it  is  speeded  up  and  a  little  kerosene  inserted  into  each  cyl¬ 
inder.  This  loosens  the  carbon  so  it  blows  out  through  the  exhaust. 

Denatured  alcohol  and  also  the  special  preparations  are  used 
in  much  the  same  way,  except  that  the  engine  is  not  run.  After 
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returning  to  the  garage  and  while  it  is  still  hot,  an  ounce  or  so  is 
placed  in  each  cylinder  and  left  to  stand  there  over  night.  On 
starting  the  motor  the  next  morning,  the  loosened  carbon  is  blown 
out  through  the  exhaust  pipe.  If  the  carbon  is  very  thick,  more 
alcohol  must  be  used  and  allowed  to  stand  for  a  longer  time.  By 
repetition,  this  will  gradually  clealn  out  all  there  is  in  the  cylinders. 

Removal  and  Replacement  of  Pistons.  Speaking  of  pistons, 
there  are  several  things  that  the  beginner  should  learn  about  their 
removal  and  replacement.  While  it  is  not  a  difficult  matter  to  pull 


Fig.  46.  Removing  Carbon  with  Flexible  Shaft  and  Old  Chain. 
(A)  Motor,  Shaft  and  Chain.  (B)  Method  of 
Assembling  Chain.  (C)  Device  in  Use 


a  piston  out  of  a  cylinder,  when  both  have  been  previously  lubricated, 
and  all  proper  precautions  taken  to  loosen  connecting  parts,  there 
are  a  few  important  things  to  remember. 

The  piston  should  be  drawn  out  as  nearly  parallel  to  the  axis 
of  the  cylinder  as  is  possible,  accompanied  by  a  twisting  motion  not 
unlike  taking  out  a  screw,  in  case  it  sticks  a  little.  If  the  piston 
sticks  badly,  pour  in  a  little  kerosene  and  work  the  piston  in  and  out 
so  as  to  distribute  the  kerosene  between  the  two  surfaces. 

To  get  at  the  spaces,  the  rings  must  be  removed,  and  as  they 
are  of  cast  iron  and  very  brittle,  this  is  a  delicate  task.  Two 
methods  of  accomplishing  this  is  illustrated  in  Fig.  47.  If  the 
owner  has  a  pair  of  ring-expanding  pliers,  the  rings  can  easily  be 
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expanded  enough  to  lift  them  over  the  edge  as  shown  in  (a).  As 
very  few  owners  possess  this  useful  tool,  however,  a  more  common 
way  is  shown  in  (b).  Secure  a  number  of  thin,  flat  steels  about 
i  inch  wide  and  ^  inch  thick,  corset  steels,  flat  springs,  or  hack  saw 
blades  may  be  used,  although  the  latter  require  more  care  on  account 
of  the  teeth  along  one  edge.  The  length  of  these  steels  should  be 
such  as  to  reach  from  about  an  inch  below  the  last  ring  to  the  top. 
Lift  out  one  side  of  the  ring  with  a  small  pointed  tool  and  slip  one 


Fig.  47.  Method  of  Removing  Piston  Rings 


of  the  steels  between  the  ring  and  the  piston;  then  move  around 
about  |  of  the  way  and  insert  another,  taking  care  to  hold  the  first 
in  place;  repeat  the  operation  with  a  third  steel.  When  these  are 
in  place  the  steels  will  hold  the  ring  out  from  the  piston  enough  so 
it  may  be  slid  over  the  “lands”  between  the  grooves,  and  along  the 
steels  to  the  top. 

Always  begin  at  the  bottom,  working  up,  when  removing  rings, 
and  just  the  opposite,  from  the  top  down,  when  replacing  them. 
After  one  is  mastered,  the  removal  of  the  others  is  a  simple  matter 
of  repetition.  The  grooves  can  now  be  scraped  free  of  the  offending 
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carbon,  a  process  which  is  but  an  inversion  of  the  previous  method, 
after  which  it  will  be  necessary  to  replace  the  rings. 

Replacing  the  piston  in  the  cylinder  is  a  more  difficult  operation. 
There  are  two  ways  of  doing  this,  viz,  by  a  special  form  of  ring  closer, 
and  by  hand,  using  a  string.  The  former  is  a  shaped  device  which 
is  clamped  around  the  ring  and  squeezed  together  with  pliers,  using 
one  hand,  while  with  the  other  hand  the  ring  is  guided  into  the 
groove.  The  secondhand  more  usual  method  is  illustrated  in  Fig.  48, 


Fig.  48.  Method  of  Re-Assembling  Piston  Mechanism 


and  requires  two  men,  unless  the  cylinder  is  of  such  a  shape  that 
it  can  be  clamped  in  a  vise.  As  the  picture  brings  out,  one  man 
holds  the  cylinder  while  the  other  forces  the  piston  carrying  the 
rings  into  place.  The  piston  is  shoved  in  until  the  expanded  top 
ring  prevents  further  movement,  when  a  heavy  cord  is  placed  around 
the  spring,  and  the  ends  are  crossed,  thus  closing  up  the  ring  and 
allowing  the  piston  to  slide  in  as  far  as  the  next  ring.  The  operation 
is  repeated  successively  for  the  other  rings.  This  is  a  very  simple 
method  and  requires  only  patience. 
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Bearings.  Bearings  of  the  two-piece  or  split  type  give  the 
amateur  repair  man  fully  as  much  trouble  as  anything,  in  fact,  the 
crank  shaft  bearings  should  not  be  tackled  until  considerable  repair 
experience  has  been  had.  In  general,  wear  on  the  bearings  is  due 
to  one  of  two  causes,  either  a  soft  metal  which  has  caused  vertical 
wear  on  the  inside  or  outside  of  the  lower  half  of  the  bushing,  or  a 
vibrating  shaft  which  has  worn  an  oval  hole  somewhere  in  the  length 
of  the  shaft,  as  at  the  inner  or  outer  end. 

In  the  former  case,  the  height  of  the  worn  half  must  be  reduced, 
which  is  usually  done  by  taking  off  from  the  upper  face  as  much 
metal  as  is  needed.  When  this  has  been  done  either  by  filing  or  by 
rubbing  across  emery  cloth  wet  with  oil,  the  two  halves  of  the  bushing 
will  approach  so  close  together  that  the  hole  will  be  smaller  than  the 
shaft.  This  will  necessitate  scraping  out  or  reboring  according  to 
the  amount  which  has  been  taken  off.  In  the  case  of  very  small 
amounts,  this  wear  can  be  taken  up  by  removing  shims,  which  are 
small  filling  strips  of  sheet  brass  which  hold  the  halves  of  the  bush¬ 
ing  apart  and  thus  make  the  central  hole  larger.  The  sizes  of  these 
shims  vary  from  .003  to  .008  inch,  several  of  each  being  used.  By 
selecting  those  which  are  to  be  removed,  or  taking  out  one  size  and 
replacing  with  another,  any  variation  in  diameter  from  .001  to  .025 
can  be  remedied.  Of  course  this  method  changes  the  hole  from  a 
round  to  a  slightly  oval  hole,  but  this  may  be  remedied  by  a  very  small 
amount  of  scraping. 

When  the  second  form  of  wear  is  found,  that  is,  when  the  bush¬ 
ing  is  worn  oval  by  a  wobbling  shaft  end,  the  only  remedy  is  bringing 
the  bearing  halves  together  as  before  and  reboring.  It  may  be  that 
this  operation  robs  the  bearing  plates  of  so  much  metal  that  they 
will  not  fit  the  holes  in  the  case;  or  possibly  the  wear  may  have  com¬ 
municated  itself  to  the  case,  so  that  the  hole  there  is  out  of  true. 
If  this  be  slight,  refilling  the  cases  with  babbitt  metal  or  building- 
up  may  be  resorted  to,  but  if  the  wear  is  considerable,  a  new  set 
of  bearings  is  the  only  remedy.  In  building  up  the  bearing,  strips 
of  soft  metal  are  placed  in  the  worn  spots,  after  cutting  or  filing 
them  to  fit  as  closely  as  possible,  and  the  bearing  driven  down 
upon  them  as  firmly  as  possible.  In  this  way,  it  is  often  possible 
to  build  up  a  worn  crank  case  to  answer  for  many  thousand  more 
miles  running. 
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Ball  and  Roller  Bearings.  Thus  far  nothing  has  been  said 
about  other  than  plain  bearings.  Many  motors  are  now  built 
with  ball  bearings,  while  roller  bearings  are  widely  used  on  modern 
cars.  It  must  not  be  thought  that  these  never  give  trouble,  or 
wear  out.  Such  is  not  the  case;  improper  lubricants  often  bring 
acids  into  the  ball  races  and  onto  the  balls,  which  eats  into  them. 
This  causes  wear  and  noise  and  gives  much  trouble.  If  badly 
eaten,  either  new  balls  or  new  races,  or  both,  must  be  obtained. 
Where  the  condition  is  not  bad,  however,  having  just  started, 
careful  washing  and  frequent  inspection  will  suffice. 

With  the  taper  form  of  roller,  wear  is  compensated  for  by 
moving  the  races  (or  cones,  as  they  are  called  on  this  form)  toward 
one  another.  If  the  wear  is  slight,  a  very  small  movement  of  one 
cone  will  produce  the  desired  adjustment. 

Often,  ball  and  roller  bearings  are  difficult  to  remove  and  when 
removed,  are  difficult  to  replace.  They  must  be  put  into  place 
exactly  straight  and  true,  consequently  it  seldom  is  possible  to 
drive  them  in.  Where  they  enter  a  piece  which  is  open  on  both 
ends,  however,  this  difficulty  may  be  removed  by  the  use  of  large 
bolts  with  washers  against  the  races  or  cones.  Then  by  tightening 
on  the  nuts,  the  races  or  cones  are  gradually  forced  into  place,  while 
the  nature  of  the  process  allows  of  guiding  them  in  straight  and  true. 
In  general,  ball  and  roller  bearings  give  little  trouble  to  the  repair 
man  and  none  at  all  to  the  amateur. 

Valves.  \  alves  present  another  fertile  source  of  trouble. 
These  troubles  may  be  of  three  varieties :  Worn  or  pitted  seats,  worn 
or  pitted  valves,  and  bent  or  worn  stems  or  stem  guides.  In  the 
latter  case  additional  air  is  admitted,  allowing  the  mixture  to  become 
more  dilute  than  the  operator  realizes  until  the  engine  begins  to 
miss  fire.  If  the  stem  be  at  fault,  this  may  be  turned  down  to  a 
smaller  size,  perfectly  round  and  a  new  bushing  with  a  hole  of  the 
new  size  fitted  into  place. 

In  case  the  trouble  lies  with  the  bushing,  those  of  the  one-piece 
type  must  be  replaced  if  there  is  much  wear;  but  if  the  wear  is 
slight,  a  clever  repair  man  can  peen*  the  edges  and  considerable 
metal  adjacent  to  them,  so  that  a  much  smaller  hole  is  formed, 
after  which  reboring  to  a  tighter  fit  is  in  order. 

hamme*rF°rCe  the  C6nter  °f  the  h°le  <>f  a  prick  punch  or  by  a  pointed 
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Regrinding  Valves.  When  either  the  valve  head  or  seat  has 
become  worn  or  pitted,  it  must  be  reground  as  follows:  Secure  a 
small  amount  of  flour  of  emery,  the  finer  the  better,  and  mix  this 
into  a  thin  paste  using  cylinder  oil,  or  graphite,  or  both.  Loosen 
the  valve,  disconnect  all  attachments,  remove  the  valve  cap  above, 
and  free  the  valve  in  a  vertical  direction.  Now  lift  it  out,  place  upon 
the  seat  a  daub  of  the  emery  paste  and  replace  the  valve.  With  a 
large  screwdriver  press  the  valve  firmly  in  place,  at  the  same  time 
rotating  it  about  one  fourth  of  a  turn  to  the  right  and  then  the  same 
amount  to  the  left. 


This  is  shown  in  Fig.  49-^4,  in  which  S  is  the  screwdriver,  V 
the  valve  and  VS  the  valve  seat.  Note  how  the  right  hand  presses 
down  on  the  screwdriver  and  turns  it  at  the  same  time.  While  this 
is  being  done,  the  left  hand  should  be  held  right  below  the  valve 
stem  with  one  finger  just  touching  it.  After  moving  back  and 
forth  about  eight  or  ten  times,  lift  the  valve  off  of  its  seat  with  the 
finger,  turn  it  through  a  quarter  turn,  and  drop  it  back  into  place. 
Then  repeat  the  grinding,  until  the  whole  circle  has  been  covered 
several  times.  Then  remove  the  valve  and  clean  off  both  moving 
member  and  seat  with  gasoline.  With  a  slight  touch  of  Prussian 
blue,  mark  the  seat  on  the  valve,  replace,  and  twirl  around  several 
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times  so  as  to  distribute  the  color.  Remove  the  valve  without  touch¬ 
ing  the  seat  portion  on  it  or  in  the  cylinder,  and  examine  both.  If 
the  grinding  process  has  been  complete  and  accurate,  the  color  will 
have  been  distributed  in  a  continuous  band  of  equal  width  all  around 
the  surface.  If  not  continuous,  or  not  of  equal  width  all  around,  the 
task  is  but  partially  completed  and  must  be  continued  until  the  full 
streak  results.  On  the  first  attempt  at  this  rather  delicate  piece  of 
work,  it  is  well  to  call  in  an  expert  repair  man  to  examine  and  pass 
upon  the  job. 

In  Fig.  49 -B  is  shown  the  same  process  but  using  a  brace  and 
screwdriver  bit  in  place  of  the  slower  screwdriver  and  hand.  This 
method  would  hardly  be  advocated  for  an  amateur  attempting  his 
first  job  of  valve  grinding,  but  as  soon  as  some  proficiency  has  been 
attained,  it  is  the  best,  quickest,  and  most  thorough  manner. 

There  are,  of  course,  a  number  of  tools  now  on  the  market  for 
grinding  valves,  some  of  these  being  constructed  in  such  a  manner 
as  to  do  all  the  work,  namely  the  partial  turn  and  reverse  on  the 
grinding  stroke,  then  the  lift  and  partial  revolution,  then  dropping 
the  valve  down  on  the  seat  again,  and  repeat.  The  use  of  one  of 
these  reduces  the  act  of  valve  grinding  down  to  a  matter  of  knowing 
how  to  apply  the  emery  and  when  and  how  to  stop. 

Noisy  Valves.  Sometimes  the  valves  get  very  noisy  and 
bother  the  driver  a  great  deal  in  this  way,  that  is  to  say,  the  wear 
in  the  valve-operating  system  becomes  so  considerable  as  to  make 
a  noise  every  time  a  valve  is  opened  or  closed.  With  the  engine 
running  at  slow  speeds,  each  one  of  these  is  heard  as  a  separate  small 
noise  and  not  much  is  thought  of  it,  but  when  the  motor  is  speeded 
up,  the  noises  all  increase  and  become  continuous  and  very  notice¬ 
able.  This  may  be  remedied  by  taking  up  on  the  valve  tappets 
which  usually  are  made  adjustable  for  this  purpose.  They  should 
be  taken  up  until  there  is  but  a  few  thousandths  of  an  inch  between 
the  valve  tappet  and  the  lower  end  of  the  valve  stem.  A  good  way 
to  measure  this  is  to  adjust  until  one  thickness  of  tissue  paper  will 
just  pass  between  the  two;  then  there  is  approximately  .003  inch 
between  them. 

\  alve  Guides.  When  the  valve  guides  become  worn  and  it  is 
not  desirable  to  replace  them,  sometimes  they  can  be  remedied  by 
adding  a  stuffing-box  top  to  the  offending  members.  This  is  done 
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by  threading  the  outside  of  the  valve  guide,  then  having  a  stuffing 
box  made  to  fit  over  it  and  screw  onto  these  threads.  In  applying 
this,  soaped  string,  felt,  or  other  filling  substance  is  placed  inside  the 
stuffing  box,  and  when  it  is  screwed  down  tightly,  this  will  be  forced 
up  so  close  to  the  valve  stem  or  tappet,  whichever  works  in  it,  that 
there  will  be  no  leakage  or  further  wear. 

I  alve  Enclosures.  On  many  old  cars,  the  arrangement  of  the 
valve  mechanism  is  such  that,  after  several  thousand  miles  have 
been  covered,  the  valve  motions  will  be¬ 
come  noisy  and  nothing  that  can  be  done 
will  stop  this.  In  that  case,  the  best 
plan  is  to  enclose  each  one  of  them  in  a 
pasteboard  or  other  tube,  and  thus  keep 
the  noise  in.  In  fact,  this  is  a  good 
plan  even  for  later  models.  The  method 
of  doing  this  is  indicated  in  Fig.  50,  in 
which  the  pasteboard  tube  is  shown  in 
place  around  the  valve  mechanism.  As 
this  should  be  a  tight  fit  between  the 
crankcase  at  the  bottom  and  the  cylinder 
at  the  top,  the  tube  must  be  slit  in  order 
to  get  it  on.  When  this  has  been  done, 
however,  the  tube  can  be  drawn  together 
and  fastened  by  means  of  wire,  or  other¬ 
wise.  Besides  reducing  the  noise,  it  will 
be  found  that  the  valve  system  parts 
will  get  better  lubrication  in  this  way 
and  will  pick  up  less  dirt  and  dust,  thus 
wearing  less. 

Other  Engine  Noises.  Locating  Noises  by  Stethoscope.  It 
should  be  borne  in  mind  that  there  are  many  sources  of  noise  in 
and  on  the  engine  other  than  the  valves  and  valve  motions.  In  fact, 
the  noises  made  by  the  valves,  while  an  indication  of  loss  of  power, 
do  not  represent  anything  like  the  possibilities  for  trouble  indicated 
by  a  piston  slap,  a  crankshaft  or  connecting-rod  pound,  the  whirr 
of  worn  timing  gears,  and  others.  In  order  to  locate  such  sources 
of  noise  exactly,  at  a  time  when  the  owner  lacks  familiarity  with  the 
motor  and  its  troubles,  every  beginner  having  what  he  considers 


Fig.  50.  Method  of  Enclosing 
Valve  Action  with  Pasteboard 
Tube  to  Stop  Noise  and  Improve 
Lubrication 
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unnecessary  noise  in  his  engine  should  purchase  or  borrow  and  learn 
to  use  a  stethoscope.  A  modification  of  the  surgeon’s  well-known 
instrument  is  now  made  for  use  in  automobile  trouble  finding. 

The  stethoscope,  or  its  modification,  simply  magnifies  all  noise, 
its  construction  being  such  that  one  end  is  held  against  the  suspected 
part  while  the  other  end  constitutes  an  ear  piece.  When  the  engine 
begins  to  make  a  great  deal  of  noise,  particularly  heavy  pounding 
noises,  this  should  be  brought  into  play.  With  the  motor  running, 
place  the  free  end  against  the  various  parts  of  the  engine,  going 
slowly  from  one  to  another.  In  this  way  it  will  soon  be  found  where 
the  trouble  lies,  and  fixing  it  is  not  a  difficult  job. 

Crankshaft  Pounding.  When  the  dull  throbbing  noise  men¬ 
tioned,  is  found  to  come  from  within  the  crankcase,  possibly  between 
two  of  the  bearings,  this  indicates  a  crankshaft  or  connecting-rod 
pound.  That  is  to  say,  either  the  rod  is  loose  on  the  shaft  or  the 
shaft  is  loose  in  one  of  its  bearings.  Whenever  the  force  of  an 
explosion  comes  on  the  piston  and  drives  it  down,  this  looseness  is 
taken  up  quickly,  and  the  dull  pounding  noise  is  made.  This  is 
a  serious  trouble  and  if  long  continued  may  wreck  the  engine.  That 
is,  the  loose  rod  may  become  entirely  loose  and  free  so  as  to  thrash 
around  and,  in  so  doing,  wreck  the  crankcase;  or,  if  the  pound  comes 
from  the  shaft,  the  bearing  may  continue  to  loosen  and  finally 
that  part  of  the  shaft  becomes  entirely  free  to  thrash  around.  Both 
these  troubles  mean  tightening  of  the  bearing  caps. 

A  piston  slap  is  not  so  easy  to  define  or  so  easy  to  repair.  It 
may  be  called  a  noise  which  comes  from  within  the  cylinders,  trace¬ 
able  to  the  pistons,  or  to  one  piston,  as  the  case  may  be,  which 
sounds  very  much  like  a  shaft  pound,  except  that  it  is  a  louder  noise. 
It  occurs  when  pressure  is  put  on  the  piston,  as  at  the  beginning  of 
compression,  at  the  time  of  explosion,  and  at  times  is  heard  at  the 
end  of  each  stroke.  It  is  said  to  be  due  to  different  causes.  Some 
say  it  is  caused  by  a  loose  piston  pin,  but  the  writer  knows  of  two 
cases  in  which  a  new  tight  pin  left  the  piston  slap  just  as  clear  and 
distinct  as  before.  Others  say  it  is  caused  by  rings  which  are  loose 
up  and  down  in  their  grooves,  but  in  the  cases  above,  new  rings 
which  fitted  tightly  in  this  way,  did  not  help  any.  It  has  been 
ascribed  to  a  piston  which  was  out  of  round,  so  that  it  did  not  fit 
the  cylinder,  and  also  to  a  groove  and  shoulder  having  been  worn 
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m  the  cylinder  surface,  the  piston  striking  this  each  time.  What¬ 
ever  is  the  real  cause,  and  the  writer  is  inclined  to  blame  it  to  a  poorly 
ttmg  piston,  nothing  will  really  remedy  it  but  a  new  piston,  com- 
plete  with  rings. 

Engine  Heating.  Slipping  Fan.  When  the  engine  begins  to 
heat  up  more  rapidly  than  usual,  sonething  is  at  fault.  It  may  be 
that  the  fan  belt  has  become  so  loose  that  it  slips  and  does  not 
drive  the  fan  around  fast  enough  to  carry  in  sufficient  air  for  proper 
cooling.  If  this  is  the  case,  tightening  it  will  remedy  the  heating. 
This  is  done  in  various  ways,  depending  on  the  engine.  Many  have 
the  fan  shaft  set  in  a  pair  of  vertical  guides,  in  which  it  is  clamped 
by  means  of  a  bolt  and  nut.  In  that  case,  the  nut  is  loosened,  the 
entire  fan  pulled  upward  until  the  belt  is  tight  enough,  and  then  the 
nut  is  tightened  again.  In  some  cases,  the  fan  is  supported  on 
one  end  of  a  double  lever  arm,  the  other  end  of  which  has  a  tension 
spring  attached  to  it  in  such  a  way  as  to  maintain  the  tightness 
of  the  belt.  When  such  a  combination  shows  indication  of  a  slack 
belt,  it  means  also  that  the  spring  must  be  renewed  or  shortened. 

Severed  Pump  Shaft.  Another  cause  of  an  engine  heating  is 
a  severed  pump  shaft  in  a  pump-circulated  system.  In  such  a  case, 
in  theory,  the  water  should  continue  to  circulate  thermosiphon, 
but  as  a  matter  of  fact  a  pump  system  usually  has  smaller  and 
lighter  pipes,  so  that  the  circulation  is  not  as  good.  iMoreover,  the 
pump  itself  offers  considerable  resistance  to  the  flow  of  water 
through  it.  A  shaft  of  this  kind  may  shear  off  through  weakness 
or  a  flaw,  or  through  bits  of  wood  or  metal  which  get  into  the 
radiator  when  filling  it.  This  simply  emphasizes  the  fact  that 
water  should  be  put  in  with  the  greatest  of  care  and  should  be 
inspected  for  foreign  matter  before  using. 

To  repair  a  defect  of  this  kind  means  taking  out  the  pump.  In 
the  ordinary  case,  this  is  located  between  two  other  units,  or  at 
least  there  is  some  other  unit  on  the  rear  end  of  the  same  shaft. 
This,  however,  does  not  give  any  great  amount  of  trouble  in  remov¬ 
ing  the  pump,  but  it  does  if  this  other  unit  is  not  operating  because 
of  its  broken  shaft.  Suppose,  for  instance,  that  the  other  unit  is  the 
mechanical  oiler.  Then,  the  engine  will  not  get  any  more  fresh  oil, 
and  as  soon  as  the  supply  on  the  cylinder  walls  and  on  the  various 
bearings  is  used  up,  look  out  for  trouble  and  lots  of  it.  The  reason 
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why  several  units  on  one  shaft  do  not  make  much  trouble  in  repair¬ 
ing  is  that  the  shaft  is  made  with  a  coupling  on  each  side  of  each 
unit.  By  turning  it  until  these  are  in  a  vertical  position,  and  with 
everything  else  disconnected,  it  is  possible  to  lift  the  pump  out 
bodily.  This  done,  taking  off  the  cover  is  a  matter  of  taking  out  a 
few  screws  only.  Then  it  can  be  seen  where  the  shaft  is  broken  and, 
if  a  simply  constructed  pump,  the  amateur  may  write  for  a  shaft 
and  put  it  in  himself  or  can  send  the  impeller  and  shaft,  as  removed, 
to  the  manufacturer  so  he  can  send  back  a  perfect  one  to  replace  it. 

Marking  Timing  Gears.  Mention  has  been  made  previously  of 
the  timing  gears.  These  are  so  called  because  their  function  is  to 

rotate  the  camshaft  and  other 
auxiliary  shafts  at  the  correct 
“time”  in  the  cycle  of  events 
within  the  cylinder.  They  are 
located  at  the  front  of  the 
motor  usually,  are  enclosed  in 
a  tight  case,  and  are  lubricated 
from  within  by  a  form  of  splash 
circulation  or  by  a  lead  from  the 
mechanical  oiler  or  otherwise. 
As  the  gears  are  fixed  on  their 
shafts,  any  movement  of  the 
gears,  even  by  so  much  as  one  tooth  to  the  next,  destroys  the 
correct  relation  of  the  two  shafts.  For  this  reason,  it  becomes 
highly  important  to  have  the  gears  marked  so  that  they  can  be 
removed  and  put  back  without  a  particle  of  trouble,  with  no  delay, 
and  in  absolute  accuracy. 

As  shown  in  Fig.  51,  a  prick  punch  and  a  hammer  are  all  that 
is  needed  for  this.  When  there  are  but  two  gears,  as  in  the  case 
shown,  it  is  easy  to  make  one  hole  between  two  teeth  on  one  gear 
and  another  which  lines  up  with  it  and  as  close  to  it  as  possible  on 
the  other  gear.  Where  there  are  three,  four,  or  more  gears,  the 
usual  practice  is  to  make  the  first  and  third  with  two  prick  punch 
marks  on  each,  made  in  such  a  way  as  to  form  a  straight  line 
when  correctly  assembled;  and  others  with  three  punch  marks  on 
each  pair  at  the  point  of  meshing;  and  others  with  four  punch 
marks,  etc. 
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GENERAL  CHASSIS  REPAIRS 

Making  Gaskets.  Anyone  who  is  going  to  do  much  of  any 
repair  work  will  soon  have  to  learn  the  art  of  making  gaskets,  for  in 
almost  every  case,  the  removal  of  a  paper  gasket  is  accompanied 
by  its  breakage  so  it  is  rendered  unfit  for  further  use.  A  gasket,  it 
might  be  explained,  is  a  formed  sheet  of  heavy  paper,  cardboard,  or 
special  material  fitted  between  two  surfaces  of  a  joint  which  must 
resist  the  leakage  of  gases  or  liquids  under  pressure.  By  means  of 
the  bolts  or  screw  threads  which  hold  the  two  parts  of  the  joint 
together,  the  gasket  is  compressed  as  the  metal  of  the  joint  could 
not  be,  and  by,  or  rather,  in 
its  compressed  state,  it  resists 
the  internal  pressure. 

The  following  method  of 
making  them  applies  as  well  to 
round,  oval,  and  odd-shaped 
ones,  which  cannot  be  said  of 
special  tools  and  fittings  for 
gasket  cutting:  Select  a  good 
piece  of  heavy  brown  wrapping 
paper  or  special  gasket  paper 

wi+kmit  fnn  TTiDnAT-  "WPintrlpc:  anrl  Fig-  52.  Cutting  Gaskets  on  the  Parts  with 
Wirnour  TOO  many  WrmKieS  ana  a  Hammer  is  the  Best  and  Quickest 

free  from  cracks  or  flaws.  Lay  Method 

this  over  the  edge  of  the  part  for  which  the  gasket  is  to  be  made, 
this  being  held  in  a  vise  so  as  to  steady  it  and  leave  the  handle  free. 
Then  go  around  the  edges  of  the  part,  tapping  lightly  on  the  paper 
with  the  flat  face  of  a  hammer,  holding  the  paper  in  position  mean¬ 
while,  with  the  other  hand. 

This  method  is  illustrated  in  Fig.  52,  where  a  workman  is  shown 
making  a  gasket  for  the  base  of  a  cylinder.  In  this  particular 
instance,  there  are  needed  also  holes  through  the  gasket  for  the 
cylinder  bolts.  These  are  made  with  the  round  or  peen  end  of  the 
hammer,  or  with  the  punch.  When  made,  the  punch  is  stuck  into 
the  hole  to  help  hold  the  paper  steadily.  In  this  case,  too,  it  was 
necessary  to  cut  the  inside  of  the  gasket  out  first,  then  this  material 
(the  paper  from  the  inner  or  smaller  hole)  was  removed,  the  sheet 
put  back  in  place  on  the  base  of  the  cylinder,  and  work  started  on 
the  exterior  cutting. 
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If  the  hammer  be  held  at  a  sharp  angle  with  the  edge  of  the 
part  for  which  the  gasket  is  being  cut,  each  blow  will  cut  through, 
or  partly  through,  the  paper.  By  repeating  this  operation  enough 
times,  going  around  the  part  meanwhile,  the  result  is  the  finished 
gasket  which  will  fit  the  desired  place  exactly. 

Wiring.  One  of  the  parts  of  an  old  car  which  must  be  inspected 
most  closely  is  the  wiring.  This  is  covered  with  insulation,  which 
soon  becomes  either  water-soaked  if  near  the  radiator  or  filling  cap, 
or  oil-soaked  if  too  close  to  the  lubricating  means,  or  worn  through 
at  points  where  the  motion  of  the  car  brings  it  into  contact  with 
sharp  edges,  and  damaged  in  other  ways.  As  soon  as  the  insulation 
is  worn  off,  ignition  or  other  wiring  is  practically  useless  and  must 
be  replaced  with  new. 

In  replacing  wiring,  it  pays  to  buy  the  best  because  the  best 
has  superior  insulation  and  for  this  reason  will  stay  in  good  condition 


Fig.  53.  Proper  and  Improper  Method  of  Attaching  Dry 
Battery  Wires 


for  a  much  longer  time.  Also  in  replacing  wiring,  it  is  well  to  note 
that  the  various  circuits  must  be  figured  out  with  care  and  precision, 
as  the  interchange  of  a  pair  of  wires  might  short-circuit  a  battery, 
resulting  in  considerable  damage. 

Precaution  with  Battery  Wires .  In  replacing  battery  wires 
there  are  a  number  of  precautions  to  observe.  Wires  should  not 
be  cut  too  short;  that  is,  give  each  wire  plenty  of  length.  This 
facilitates  making  neat  terminals  and  coiling  up  the  wire  in  a  neat 
unobtrusive  way.  Where  wires  run  across  wood,  they  should 
always  be  nailed  down,  and  where  they  traverse  a  considerable  length 
of  metal,  it  is  well  to  fasten  them  down  with  tire  tape,  etc. 

In  replacing  dry  battery  wires,  it  should  be  noted  that  there  is 
a  right  and  a  wrong  way  of  putting  on  the  end  of  the  wire.  Usually 
this  is  made  with  a  metal  loop  at  the  end,  into  which  the  tips  of 
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the  copper  wire  are  looped  and  then  soldered.  This  is  thick  on 
one  side  and  stiff.  If  this  thick  stiff  part  be  turned  upward,  the 
nut  will  go  on  right,  screw  down  tightly,  and  make  a  good  connection. 

,  on  t  e  contrary ,  this  be  turned  downward,  the  nut  will  press  it 
against  the  battery,  but  except  for  that  point,  it  will  not  bear  at 
any  point  and  there  will  be  a  very  poor  contact.  This  as  shown 
in  Fig.  53,  where  A  points  out  the  battery  terminal  and  nut,  B  the 
improper  method— this  bringing  out  the  poor  contact— and  C 
the  proper  method  with  a  good  contact  all  around.  The  sketch 
above  shows  a  short  piece  of  ignition  cable  which  has  been  fitted 
with  suitable  terminals  of  this  kind.  It  is  understood  in  mting 
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this  kind  of  a  terminal  that  a  drop  of  solder  is  put  onto  the  end  of 
the  wire  within  the  brass  terminal  fitting  to  hold  the  two  together 
and  improve  the  electrical  connection  and  make  it  permanent. 

Preferred  Method  of  TV iring.  When  the  wiring  has  been  removed 
for  renewal,  it  is  time  to  think  of  improving  the  wiring  method. 
With  dry  cells,  this  can  be  done  by  changing  from  either  series  or 
parallel  connections  to  series-multiple.  As  will  be  pointed  out,  this 
requires  more  cells  to  start  with  and  thus  a  large  space  for  the  cells, 
but  the  length  of  life  is  increased  and  the  total  cost  is  decreased. 

In  Fig.  54,  A  shows  the  usual  series  method,  connecting  from 
positive  to  negative,  with  the  last  negative  at  one  end  of  the  row 
forming  the  negative  for  the  group,  and  with  the  last  positive  at 
the  other  end  forming  the  positive  for  the  group.  This  wiring 
gives  high  voltage,  the  voltage  on  one  cell  (about  1J  volts)  being 
multiplied  by  the  number  of  cells,  so  that  four  cells  give  the  6  volts 
required  to  operate  the  coil. 
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At  B  is  seen  the  usual  parallel  form  of  wiring,  all  the  negatives 
being  connected  together  to  form  the  negative  for  the  group  and 
all  the  positives  being  connected  together  to  form  the  positive  for 
the  group.  This  method  produces  the  voltage  of  a  single  cell,  but 
increases  the  pressure  or  amperage,  the  total  being  that  of  one 
cell  multiplied  by  the  number;  that  is,  four  cells,  each  testing  22 
amperes,  by  this  method  of  wiring  would  give  88  amperes  at 
1J  volts.  As  pointed  out  6  volts  is  required  to  operate  the  coil. 


// 


Fig.  55.  Diagram  Showing  How  to  Cut  Clutch  Leathers 

The  form  shown  at  C  combines  the  above  two  methods  and  in 
a  slightly  modified  manner  has  all  of  their  advantages  and  none 
of  their  disadvantages.  Here  it  will  be  noticed  that  four  groups 
of  four  are  each  connected  up  in  series,  and  then  the  negatives  of 
the  four  groups  are  connected  to  form  the  negative  for  the  whole 
unit,  and  the  four  positives  to  form  the  positive  for  the  unit,  the 
same  as  in  parallel  wiring;  in  short,  each  individual  cell  is  wired  up 
in  its  group  by  the  series  method  and  then  the  groups  are  wired  up 
in  parallel.  The  result  is  a  voltage  of  6,  since  each  group  has  four 
cells  of  1J  volts  wired  in  series,  or  4x  1 J,  or  6.  The  parallel  wiring 
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of  the  groups  produces  the  amperage  of  one  group  times  the  number 
o  groups,  less  a  slight  wiring  loss.  In  the  illustration  this  would  be 
4X22,  or  88,  or  say  about  70  amperes.  Obviously  using  four  times 
as  many  cells  this  method  gives  equal  voltage  to  the  series  form 
with  quadrupled  amperage,  or  equal  amperage  to  the  parallel  form 
with  quadrupled  voltage;  but  what  other  advantages  has  it? 

It  has  been  proved  by  actual  and  accurate  tests  that  cells 
wired  in  the  last-named  manner  give  a  greater  life  and  lessened  cost 
than  the  same  number  of  cells  used  a  lesser  number  at  a  time  and 
wired  differently.  For  instance,  one  set  of  5  cells  wired  in  series 
lasted  for  20  hours  continuous  service  but  four  sets  of  5  cells  wired  in 
series-multiple  gave  170  hours  of  continuous  service.  That  is,  four 
times  as  many  cells  by  a  superior  method  of  wiring  gave  8J  times 
as  long  a  life.  And  with  the  greater  amperage  available  through 
this  service,  it  is  apparent  that  service  was  better  throughout  the 
170  than  throughout  the  20  hours.  Another  point  is  that  20  hours 
is  almost  equal  to  400  miles  running,  while  170  hours  is  3,400  miles. 
One  means  renewal  each  month,  the  other,  renewal  once  a  year. 

Clutches.  Clutches  offer  many  chances  for  trouble,  the  wear  of 
leather  facings  and  the  loss  of  power  attendant  upon  this,  slippery 
or  dry  leather  or  weak  springs  being  the  principal  factors.  Weak 
springs  may  be  cured  by  screwing  up  on  the  adjusting  nut  or  bolt 
provided.  Slippery  leather  may  also  be  corrected  by  washing  first 
with  gasoline  and  then  with  water,  finally  roughing  the  surface  with 
a  coarse  rasp  and  replacing  only  after  the  leather  is  thoroughly  clean. 
Dry  leather  is  fixed  by  soaking  in  water,  or  neatsfoot  oil;  it  should  be 
replaced  while  still  moist,  and  copious  lubrication  will  keep  it  soft. 

The  greatest  problem  in  replacing  a  worn,  charred,  or  otherwise 
defective  leather  lies  in  getting  the  right  layout  for  the  form  of  the 
new  leather  the  first  time.  It  must  be  remembered  that  the  surface 
is  a  portion  of  a  cone  and,  therefore,  its  development  is  not  easy. 

It  is  attacked  in  this  manner:  Prepare  the  cone  by  removing  the 
old  leather  and  all  rivets,  cleaning  out  the  rivet  holes  and  providing 
new  rivets.  Measure  the  cone,  taking  the  diameters  at  both  the 
large  and  small  ends,  and  the  width.  Take  a  large  sheet  of  paper, 
and  lay  off  upon  it  a  figure  similar  to  ABCD  in  Fig.  55,  drawn  to 
exact  scale  and  having  for  its  dimensions  the  three  measurements 
just  obtained,  viz,  the  large  and  small  diameters  and  width  of  the 


54 


PRIVATE  GARAGES  AND  REPAIRS 


cone.  This  figure  represents  the  projection  of  the  cone  in  a  flat 
plane.  Bisect  the  line  AD  and  draw  the  center  line  EF  at  right 
angles  to  AD.  Prolong  the  two  tapered  lines  AB  and  DC  until  they 
meet  the  center  line  as  at  G. 

This  point  G  represents  the  apex  of  the  cone  if  it  were  complete, 
and  hence  any  circular  arc  drawn  from  this  point  as  a  center,  and 
with  the  correct  radius,  will  be  a  correct  projection  of  the  develop¬ 
ment  of  that  portion  of  the  conical  surface.  With  GA  and  GB  as 
radii,  draw  the  two  circular  arcs  HADJ  and  IBCK,  also  drawing 


Fig.  53.  Clutch  Troubles  Illustrated 


the  radial  lines  HI  and  JK  to  pass  through  G.  The  enclosed  figure 
HIBCKJDAH  may  then  be  cut  out  and  used  as  a  pattern 
from  which  to  cut  out  clutch  leathers.  If  the  distances  A  H  and  DJ 
be  made  approximately  equal  to  or  slightly  more  than  AD,  the 
pattern  will  a  little  more  than  encircle  the  cone  clutch. 

After  the  leather  has  been  cut  out,  it  should  be  prepared  by 
soaking  in  water  or  oil,  according  as  its  surface  is  fairly  soft  or  rather 
harsh.  In  either  case,  it  must  be  well  soaked,  so  as  to  stretch  easily. 
In  putting  it  on  the  cone,  one  end  is  cut  to  a  diagonal,  laid  down  on 
the  cone,  and  riveted  in  place.  Next,  the  leather  is  drawn  down 


PRIVATE  GARAGES  AND  REPAIRS 


55 


tightly  past  the  next  pair  of  rivet  holes  which  are  then  driven  into 
place.  This  is  continued  until  the  strip  is  secured.  The  leather  is 
now  wetted  again,  for,  if  allowed  to  dry  off  immediately,  the  shrink¬ 
ing  action  will  break  it  out  at  most  of  the  rivet  holes  and  render  it 
useless.  By  drying  out  gradually,  a  taut  condition  may  be  arrived 
at  without  this  danger. 

In  Fig.  56,  several  other  common  clutch  troubles  and  their 
remedies  are  suggested,  the  parts  shown  in  the  illustration,  however, 
being  in  excellent  condition,  in  fact  new. 

Transmission.  Passing  along  to  the  transmission,  Fig.  57 
shows  a  plan  of  a  gearbox  in  which  the  disk  clutch  is  also  housed, 
the  various  possibilities  for  trouble  or  suggestions  for  its  avoidance 
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Fig.  57.  Transmission  Troubles  Illustrated 


being  marked.  In  this  type  of  clutch,  the  greatest  possibilities  lie 
in  the  burring  of  the  disks  or  a  lack  of  spring  adjustment.  If  the 
former,  the  burrs  can  be  filed  off  with  a  fine  file,  while  the  latter  trouble 
is  avoided  by  merely  tightening  the  spring-adjusting  springs,  trying 
the  effect  of  this  and  tightening  again,  until  the  correct  and  satis¬ 
factory  position  is  obtained. 

In  transmissions,  the  possibilities  include  the  following:  Burred 
teeth;  gears  worn  where  they  slide  along  the  shafts  on  keys  or  in 
key  ways;  looseness  in  the  main  bearings;  and  play  in  shifter  rods  or 
their  locks.  Where  the  gears  clash,  one  against  the  other  in  shifting, 
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unless  the  faces  of  each  have  been  chamfered  and  rounded  off  nicely 
and  are  well  hardened  at  these  points,  there  is  liable  to  be  set  up  a 
cutting  action  which  gradually  wears  a  high  burr  in  one  or  both. 
When  the  two  are  in  mesh,  the  burrs  are  on  opposite  sides  and  con¬ 
tacting  with  the  meshing  gear.  This  will  make  a  continuous  noise. 
Its  remedy  is  the  removal  of  the  gear,  the  filing  off  smooth  of  all 
raised  portions,  the  filing  or  grinding  out  of  all  low  spots  cut  into  the 
teeth,  and  subsequent  hardening  to  make  repetition  impossible. 

If  the  gears  have  worn  at  the  center  hole  where  they  slide  on 
the  shaft,  either  in  the  round  hole  or 'at  the  key  way,  this  must  be 
fixed  at  once.  In  the  former  instance,  the  gear  can  be  bushed,  and 
the  bushing  bored  out  to  fit  the  shaft,  while  in  the  latter,  a  slightly 
larger  key  may  be  fitted  in  the  shaft  and  the  keyway  may  be  recut  to 
accommodate  this.  Where  the  keys  have  been  let  into  the  shaft, 
they  may  have  worn  in  one  spot  or  at  the  ends.  If  the  wear  is  all  in 
the  key,  this  can  be  replaced  with  another  of  the  same  size,  but  made 
slightly  harder  in  the  process. 

If  the  main  bearings  are  of  the  roller  type,  the  wear  may  be 
taken  up  by  readjusting  the  position  of  the  roller  on  the  cone,  but 
if  they  are  of  ball  or  plain  bushing  form,  replacement  is  almost  the 
only  remedy,  unless  it  happens  that  in  the  case  of  a  plain  bush,  this 
is  split,  so  that  something  may  be  filed  off  of  the  two  contacting  sides, 
and  the  holes  trued  out  to  this  new  size.  In  that  case,  the  advice 
previously  given  under  the  subject  of  plain  engine  bearings  will  be 
applicable. 

Play  in  the  shifting  rods  may  be  traced  to  one  of  two  things: 
Looseness  at  the  connection  of  two  rods,  or  of  a  rod  and  a  lever )  or 
looseness  in  the  bearings.  The  former  inevitably  requires  a  new  and 
slightly  larger  pin,  driven  into  the  place  occupied  by  the  previous 
member.  Loose  bushings  will  mean  new  ones  if  the  trouble  is  serious, 
for  this  form  is  almost  always  of  the  solid  and,  thus,  non-ad justable 
type.  In  many  cases  where  wear  occurs  on  a  solid  plain  bearing  used 
on  the  end  of  a  plain  round  shaft,  if  peining  can  not  be  resorted  to, 
as  suggested  previously,  the  shaft  may  be  turned  down  a  very  little 
bit,  say  A  inch,  the  bushing  turned  out  an  equal  amount,  and  a  thin 
sleeve  bushing  made  of  this  thickness  all  around,  and  forced  into  the 
previous  member.  Tins  saves  reboring  the  case,  which  is  an  expensive 
and  difficult  job,  while  both  the  shaft  and  bushing  jobs  are  simple  ones. 
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If  a  serious  defect  develops  in  the  case,  this  may  be  cleaned  out 
and  welded.  This  is  not  a  job  for  the  amateur,  but  the  closing  of  a 
simple  crack,  no  matter  how  long,  would  be  an  easy  proposition  for 
the  owner  of  a  welding  outfit;  moreover,  it  would  be  a  very  short, 
quick  job.  Autogenous  welding  should  always  be  resorted  to  as  soon 
as  a  crack  or  break  is  detected,  for  this  may  save  the  expense  and 
delay  of  a  whole  new  case,  the  former  costing,  say,  50  cents  to  $1 
while  the  other  easily  may  amount  to  $50. 

Driving  Shaft.  From  the  gearbox  to  the  rear  axle  the  power, 
in  the  majority  of  cases,  is  transmitted  by  a  long  shaft.  This  may 
have  either  one  or  two  universal  joints  in  its  length.  The  purpose 
of  these  is  twofold:  to  permit  the  rise  and  fall  of  the  rear  axle  relative 
to  the  rest  of  the  car,  and  to  allow  similar  side  sway  in  which  the 
whole  rear  construction  participates.  These  joints  are  covered 
usually  with  leather  casings  which  are  packed  with  grease.  These 
keep  out  the  dirt  and,  consequently,  lessen  the  wear,  and  also  lubri¬ 
cate  the  moving  parts  of  the  joints.  A  secondary  function  of  the 
casings  is  to  render  these  joints  noiseless.  If  a  car  is  not  equipped 
with  them,  it  is  advisable  for  the  owner  to  purchase  them. 

The  shape  of  these  casings  when  opened  out  flat  would  be  not 
unlike  that  of  two  bottles  with  their  flat  bottoms  set  together,  that 
is,  narrow  at  the  top  and  bottom  and  wider  at  the  middle.  All  along 
both  edges  are  eyelets  for  the  lacing.  The  enlarged  center  fits  around 
the  joint,  while  the  small  ends  encircle  the  respective  shafts.  To  apply 
the  casing,  one  end  is  placed  around  the  shaft  on  one  side  of  the  joint 
and  the  lace  started;  then  the  lacing  proceeds,  gradually  drawing 
the  ends  together  and  around  the  joint.  When  this  has  been  com¬ 
pleted  and  before  the  last  end  is  closed,  the  whole  is  shoved  back 
along  the  first  shaft  a  little  way  and  the  center  portion  half  filled 
with  a  heavy  grade  of  transmission  grease.  This  done,  the  glove  is 
pulled  back  into  place  and  the  work  of  lacing  completed  around  the 
second  shaft.  Both  ends  should  be  laced  as  tightly  as  possible  while 
the  middle  part  should  be  loose. 

Rear  Axle.  Rear  axles  do  such  hard  work,  and  must  stand  up 
under  such  a  large  portion  of  the  load  carried  in  the  machine,  that 
they  offer  many  chances  for  wear,  adjustment,  or  replacement. 

Brakes.  First  and  foremost  are  the  brakes,  which  now  are 
usually  placed  side  by  side  within  the  drum  attached  to  the  wheel, 
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as  shown  in  Fig.  58.  This  shows  a  semi-floating  form  of  rear  axle 
with  the  two  sets  of  brakes  and  operating  shaft  and  levers.  A  num¬ 
ber  of  suggestions  are  placed  upon  this,  among  which  will  be  noted 
this:  “Renew  worn  brake  lining  and  broken  or  loose  rivets.” 

When  a  brake  lining  is  worn,  the  proceeding  is  much  the  same 
as  with  a  clutch  leather  previously  described,  with  the  exception 
that,  whereas  the  latter  must  have  a  curved  shape,  the  former  can 
be  perfectly  straight  and  flat.  This  simplifies  the  cutting,  but  as 
most  brake  linings  are  made  of  special,  heatproof,  asbestos  composi¬ 
tion  which  is  made  in  standard  widths  to  fit  all  brakes,  the  cutting 
of  leather  brake  bands  is  not  often  necessary. 

Truss  Rods.  Truss  rods  hold  the  wheels  in  their  correct  ver¬ 
tical  relation  to  the  road  surface  and  to  one  another.  If  through  wear 
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Fig.  58.  Brake  Troubles  Illustrated 

or  excessive  loading,  the  axle  sags  so  that  the  wheels  tip  in  at  the 
top,  presenting  a  knock-kneed  appearance,  the  truss  rods  must  be 
tightened  up  so  as  to  remedy  this.  Usually  they  are  made  with  a 
turnbuckle  set  near  one  end,  a  locknut  on  each  side  preventing  move¬ 
ment.  The  turnbuckle  is  threaded  internally  with  a  right-hand 
thread  on  one  end  and  a  left-hand  on  the  other,  so  that  a  movement 
of  the  turnbuckle  draws  the  two  ends  in  toward  one  another,  short¬ 
ens  the  length  of  the  rod,  and  thus  pulls  the  lower  parts  of  the  wheels 
toward  one  another,  correcting  the  tipping  at  the  top. 

To  adjust  for  this  trouble,  loosen  both  locknuts,  remembering 
that  one  is  right-handed  and  the  other  left.  Then,  with  the  wheels 
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jacked  clear  of  the  ground,  tighten  the  turnbuckle.  A  long  square 
should  be  procured  or  made  so  that  the  wheel  inclinations  may  be 
measured  before  and  after.  Placing  the  square  on  the  ground  or 
floor,  which  should  be  selected  so  as  to  be  perfectly  level,  the  turn- 
buckle  should  be  moved  until  the  tops  appear  to  lean  outward  about 
one-half  inch  some  makers  advise  more. 

It  should  be  borne  in  mind  that  even  if  the  wheels  and  axle  do 
not  show  the  need  of  truss  rod  adjustment,  if  this  rod  be  loose,  it 
will  become  very  noisy  and  rattle  a  great  deal  for  the  rear  axle 
sustains  a  great  amount  of  jouncing.  Moreover,  this  noise  and 
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Fig.  59.  Adding  a  Truss  Rod  to  the  Front  of  a  Weak  or 
Damaged  Frame  to  Strengthen  It  and  Preserve 
the  Radiator 

rattle  if  not  taken  up  will  cause  wear,  which  later  cannot  be 
taken  up. 

Frame  Strengthening  Rods.  Similarly,  whenever  any 'part  of 
the  frame  shows  indication  of  weakening,  a  rod  can  be  used  to 
strengthen  it.  Thus  the  front  of  the  frame  often  suffers  in  collisions 
or  indicates  weakness.  If  this  be  allowed  to  continue,  it  will  warp 
the  delicate  and  expensive  radiator  and  cause  heating  troubles.  As 
pointed  out  in  Fig.  59,  this  can  be  remedied  by  a  plain  straight  rod 
about  the  width  of  the  frame  plus  2  inches,  and  threaded  for  about 
3  inches  on  each  end.  The  turnbuckle  in  the  center  is  optional. 
When  putting  this  in  place,  the  inner  nuts  must  be  screwed  on  first 
far  enough  to  allow  of  putting  the  rod  in  place.  Then  these  are 
screwed  out  again  until  they  bear  against  the  frame  from  the  inside. 
Next  the  outside  nuts  are  put  on  and  screwed  into  place  against  the 
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outside  of  the  frame.  By  loosening  the  inner  ones  and  tightening 
the  outer  ones  the  frame  can  be  pulled  in  as  desired.  When  the  rod 
is  once  put  in  place,  the  turnbuckle  allows  of  making  subsequent 
changes  more  quickly.  Otherwise,  it  is  not  necessary. 

Springs.  If  either  rear  or  front  springs  squeak,  the  car  should 
be  jacked  up  above  them,  and  the  leaves  separated  with  a  screw¬ 
driver  or  other  flat  tool.  Grease  or  a  mixture  of  grease  and  graphite 
can  then  be  inserted  between  the  ends  of  each  pair  of  plates.  This 
not  only  eliminates  the  noise,  but  also  makes  the  springs  work  better 
and  makes  the  car  ride  better. 

A  number  of  special  tools  are  now  available  for  separating  the 
spring  leaves,  so  that  this  work  is  made  easier  as  well  as  quicker. 
In  addition,  a  new  device  in  the  form  of  a  lubricated  insert  is  now 
made  which  can  be  placed  between  the  leaves,  and  which  then  serves 
to  lubricate  them  continuously  from  that  time  on.  These  are  made 
in  the  form  of  spring  leaves  in  width  and  varying  lengths  but  of 
very  slight  thickness,  say  less  than  one-sixteenth  of  an  inch.  In 
addition,  these  are  full  of  holes  about  one-half  inch  in  diameter. 
The  holes  are  filled  with  a  special  lubricant,  and  the  inserts  come 
with  a  heavy  oiled  paper  on  each  side  of  each  one.  When  one  of 
these  is  put  into  place  between  two  spring  leaves,  the  lubricant 
carried  in  the  pockets  of  the  insert  gradually  works  out,  seeps  through 
the  paper  covering  in  either  direction,  and  thus  lubricates  the  surface 
of  the  spring  leaves  with  which  it  is  in  contact.  These  are  made  in 
sets  to  fit  the  various  makes  and  models  of  cars,  the  makers  figuring 
out  the  correct  number,  width,  and  length,  so  it  is  necessary  for  the 
owner  simply  to  buy  a  set  for  his  car  and  dismantle  the  car  far 
enough  to  insert  them  in  their  proper  places. 

Another  somewhat  similar  device  is  called  an  oil  box,  a  number 
of  these  having  been  put  on  the  market  recently.  It  consists  of  a 
small  reservoir  for  lubricant  and  a  wick  or  other  means  of  conducting 
this  to  the  sides  of  the  spring  leaves  against  which  it  is  fastened.  One 
of  these  is  fastened  to  the  side  of  each  spring  and  the  reservoir  of 
each  filled.  Then  the  running  of  the  car  and  the  motion  of  the 
spring  leaves  draw  oil  from  the  wick  to  the  sides  of  the  spring  leaves, 
whence  it  finds  its  way  in  between  them. 

Rear  Construction.  In  disassembling  the  rear  construction  for 
purposes  of  adjustment  or  repair,  the  beginner  should  be  very  careful 
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to  mark  all  parts.  Those  parts  which  have  been  running  together 
for  many  thousand  miles  act  better  and  with  less  friction  than  would 
those  which  have  never  run  together,  despite  the  fact  that  the  dupli¬ 
cate  parts  are  supposed  to  be  alike  and  interchangeable.  It  is 
therefore  suggested  that  separate  boxes  be  provided  for  the  parts 
taken  from  the  two  ends  or  sides. 

Method  of  Disassembling .  The  method  of  procedure  for  this  is 
about  as  follows:  Jack  up  the  axle,  replacing  the  jack  with  small 
horses  or  blocks  of  wood  if  possible.  Then  take  off  the  hub  caps, 
free  the  wheels,  and  take  them  off.  Disconnect  the  brake  operating 
rods  and  levers  and  remove  them  from  the  car,  marking  them  care¬ 
fully.  Spread  the  brake  shoes  apart,  loosen  the  springs  at  one  side, 
and  take  out  the  springs,  and  then  the  brake  shoes  themselves. 
Remove  the  brake  operating  shaft  with  the  cams;  then  disconnect 
the  spring  bolts  and  jack  up  the  chassis,  using  the  spring  for  a  sup¬ 
port.  Disconnect  all  torsion  or  radius  rods,  and  take  off  the  grease 
boot  around  the  universal  joint  in  the  driving  shaft.  Open  this  joint, 
and  disconnect  the  shaft.  Take  this  off,  and  if  the  spring  bolts 
have  been  removed,  the  rear  axle  will  be  free.  Pull  this  out  from 
under  the  chassis,  and  if  desired,  further  disassembling  may  be  done 
more  easily  with  the  member  clamped  in  a  vice  or  laid  on  a  bench. 

Assembling .  In  assembling,  almost  the  reverse  of  this  process 
is  followed,  the  parts  going  together  in  the  opposite  manner  from 
that  in  which  they  were  taken  down. 

Wheel  Pullers.  Above,  casual  mention  was  made  of  taking  off 
the  wheels.  This  is  not  always  an  easy  task.  Sometimes  when  the 
wheel  has  not  been  taken  off  for  a  number  of  months,  and  an  occasion 
arrives  to  take  it  off,  it  is  found  to  be  “frozen”  or  firmly  jammed  in 
place.  This  necessitates  the  use  of  a  wheel  puller,  which  is  a  device 
for  holding  the  wheel  firmly  and  pressing  against  the  axle  shaft  so 
as  to  push  the  two  apart.  In  the  usual  form,  this  consists  of  a  stout 
cross  member  with  arms  pivoted  at  the  two  ends,  these  having  a 
hook  shape  at  their  lower  ends,  or  a  spider  with  three  such  arms.  In 
the  center  is  a  strong  screw  of  large  diameter  with  a  square  head  and 
a  hardened  point.  To  use,  the  arms  are  hooked  around  the  wheel 
from  the  outside,  the  brake  drum  making  a  good  point  of  attachment, 
while  the  point  of  the  screw  is  set  against  the  center  of  the  end  of  the 
axle.  Then  by  screwing  up  on  this,  the  wheel  is  gradually  pushed 
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off  the  axle.  Usually  all  it  needs  is  starting,  and  after  being  freed, 
it  can  be  lifted  off  easily. 

When  such  a  puller  is  not  available  for  a  small  car,  and  the 
wheel  sticks,  it  is  possible  to  remove  the  same  by  cutting  a  block 
of  hard  wood  to  fit  inside  the  hub  cap  and  just  long  enough  to  allow 
the  cap  to  engage  a  couple  of  threads.  Then  by  screwing  up  on 
the  hub  cap,  the  wheel  is  pushed  off.  This  should  not  be  tried  unless 
the  hub  cap  is  fairly  stout  in  construction  and  furnished  with  large 
external  faces  for  the  wrench  to  take  hold  on,  as  otherwise  it  may 
be  ruined  by  the  pressure  exerted.  Fig.  60  shows  this  arrangement 
and  also  makes  it  clear  how  the  interposition  of  the  block  of  wood 
acts  to  push  the  wheel  off  the  axle.  Practically  the  same  thing 


may  be  effected  with  a  small  piece  of  metal,  as  for  instance,  a  short 
section  from  a  2-inch  round  bar  or  anything  of  that  sort. 

Noisy  Bevel  Gears.  If  the  bevel  gears  in  the  real  axle  are 
noisy,  the  time  to  fix  them  is  when  the  axle  is  disassembled,  as  this 
is  quite  a  job.  In  general,  bevel  gears  make  a  noise  because  they 
are  poorly  cut,  because  they  are  not  set  correctly  with  relation  to 
one  another,  or  because  the  teeth  have  become  cut  or  chipped  by 
some  foreign  material  which  has  been  forced  between  them. 

In  the  first  case,  there  is  little  the  amateur  can  do  beyond 
making  the  best  possible  adjustment,  and  smoothing  off  any  visible 
roughness.  In  the  second  case,  it  is  simply  a  matter  of  setting  one 
gear  closer  to  or  farther  from  the  other  by  means  of  the  adjustment 
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provided.  When  the  axle  is  disassembled  and  all  parts  are  readily 
accessible,  it  will  be  found  that  there  is  a  notched  nut  on  either  side 
of  each  of  the  bevels,  and  in  the  tool  kit  there  should  be  a  wrench 
to  fit  this.  It  is  then  a  simple  matter  to  move  one  outward  and 
the  other  inward  in  either  pair,  according  to  which  needs  the  adjust¬ 
ment.  In  case  the  teeth  have  become  chipped,  the  projections 
should  be  smoothed  down  with  a  fine  file,  while  the  sharp  edges  of 
the  cuts  should  be  dressed  in  the  same  manner. 

Difficult  Jobs  Novice  Should  Avoid.  The  following  jobs,  some¬ 
times  lightly  spoken  of,  are  not  considered  advisable  for  the  novice, 
or  even  for  a  motorist  with  less  than  a  year’s  experience,  to  tackle: 
Removing  rear  axle  as  just  described;  adjusting  differential  bevel 
gears;  scraping  main  or  connecting-rod  bearings  in  the  engine  or 
principal  bearings  in  a  transmission;  replacement  of  main,  connect¬ 
ing-rod,  or  piston-pin  bushings  in  engine,  or  principal  bearings  in  the 
transmission;  alterations  in  the  clutch  aside  from  new  facing  and 
spring  tension  adjustment;  any  internal  work  upon  the  magneto; 
any  alteration  in  the  timing;  any  change  in  the  lubricating  system; 
changes  in  valves  aside  from  simple  adjustment;  alterations  in  the 
flywheel  to  increase  or  decrease  its  weight;  any  interference  with  the 
parts  concerned  with  a  correct  running  balance  (connecting  rods, 
crankshaft,  flywheel,  pistons,  and  rings) ;  any  alteration  in  the  car 
operating  system;  changes  in  the  braking,  aside  from  spring  tension; 
or  other  items  of  large  importance. 

Generally  speaking,  if  the  car  operates  properly,  quietly,  and 
efficiently,  there  is  no  real  reason  for  the  beginner  with  but  a  few 
months’  experience  attempting  to  improve  upon  the  manufacturer’s 
design  and  construction  which  are  the  results  of  years  of  study,  the 
analysis  of  the  experience  of  thousands  of  car  owners  of  that  and 
other  makes,  and  in  part  a  compromise  between  what  the  maker 
really  would  like  to  build  and  what  the  buying  public  demands  and 
will  have. 

TIRE  CONSTRUCTION  AND  REPAIR 

Before  concluding  these  remarks  on  the  general  subject  of 
small  overhaul  and  repair  work,  it  will  be  well  to  say  something 
on  the  subject  of  tires.  These  are  at  the  same  time  the  most  delicate, 
the  most  misunderstood,  and  the  hardest  working  parts  of  a  car. 
They  are  delicate  because  the  materials  comprising  them  are  soft, 
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pliable,  and  very  easily  damaged,  as  compared  with  the  various 
selected  metals  entering  into  a  car’s  makeup.  They  are  misunder¬ 
stood  for  various  reasons,  and  in  many  different  ways;  composition, 
utility  of  and  necessity  for  the  various  components,  proper  and 
improper  methods  of  use,  correct  and  incorrect  inflation  pressures, 
troubles  and  their  remedies,  and  many  other  things,  all  come  under 
this  category. 

Composition  and  Manufacture.  Tires  consist  of  two  parts,  the 
tube  and  the  shoe  or  casing.  The  former  is  a  plain  ring  of  circular 
cross  section,  made  of  pure  rubber,  containing  an  air  valve,  and  is 
intended  only  to  hold  the  air.  The  shoe  or  casing,  on  the  other 
hand,  provides  the  wearing  surface,  protects  the  air  container  within 
from  all  road  and  other  injuries,  and  constitutes  or  incorporates  the 
method  of  fastening  itself  to  the  wheel.  In  its  construction  are 
included  the  fabric — preferably  cotton — some  pure  rubber,  and  much 
rubber  composition,  the  whole  baked  into  a  complete  unit  by  heat  and 
in  the  presence  of  sulphur,  which  acts  somewhat  as  a  flux  for  rubber. 

Considering  a  typical  tire,  there  enters  into  its  makeup,  starting 
from  the  inside,  six  or  seven  strips  of  frictioned  fabric— that  is,  thin 
sheets  of  pure  gum  rubber  rolled  into  intimate  contact  with  each 
side  of  the  cotton,  making  it  really  a  rubber-coated  material.  Next, 
there  is  the  so-called  padding  which  is  more  or  less  pure  rubber,  has 
a  maximum  thickness  at  the  center  of  the  tread,  and  tapers  off  to 
nothing  at  the  sides,  but  usually  carrying  down  to  the  beading. 
Above  this,  there  is  placed  a  breaker  strip,  consisting  of  two  or  three 
layers  of  frictioned  fabric  impregnated  in  a  rubber  composition. 
This,  too,  is  thickest  at  the  center  and  tapers  off  to  the  sides,  but 
ends  at  the  edge  of  the  tread.  Finally,  there  is  the  surface  covering, 
called  by  rubber  men  the  tread;  this  contains  very  little  pure  rubber, 
being  thickest  at  the  center  and  extending  with  gradually  decreased 
thickness  almost  down  to  the  bead. 

The  last  two  of  this  series  of  layers  constitute  the  real  wearing 
surface  of  the  tire,  and  when  the  surface  is  so  worn  that  the  breaker 
strip  may  be  seen,  it  is  time  to  have  the  tire  retreaded.  When  the 
wear  has  gone  through  this,  if  the  padding  be  fairly  complete,  retread¬ 
ing  will  still  save  the  tire,  but  if  wear  has  gone  clear  down  through 
that  so  as  to  expose  the  fabric,  the  shoe  must  be  run  to  a  finish  and 
then  discarded. 
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All  this  construction  can  be  noted  in  Fig.  61,  which  shows  a 
section  through  a  tire,  with  the  inner  tube  in  place,  the  section 
being  taken  so  as  to  pass  through  the  center  of  the  tire  valve.  This 


examining  this  figure,  for  the 


should  be  borne  in  mind  when 
location  of  the  inner  tube  inside 
the  tire  as  described  above  is 
likely  to  be  misleading. 

Bead.  In  the  mention  of 
tire  construction  above,  more¬ 
over,  no  mention  has  been  made 
of  the  bead.  This  is  a  highly 
important  part  of  the  tire,  for  it 
is  the  part  which  holds  it  in  place 
on  the  wheel.  It  is  made  of  a 
fairly  hard  rubber  composition, 
the  fabric  being  carried  down  on 
the  sides  so  as  to  cover  it.  In 
a  cross  section,  it  has  a  shape 
very  close  to  an  equilateral  tri¬ 
angle  resting  on  its  base;  around 
the  wheel  it  is  curved  to  fit  the 
rim.  The  method  of  attaching 
the  tire  has  a  considerable 
influence  on  bead  construction, 
for  in  the  clincher  type  of  tire, 
in  which  the  shoe  must  be 
stretched  on  over  the  rim,  the 
bead  must  be  extensible  in  order 
to  insure  easy  mounting.  In  the 
quick-detachable  and  straight 
side  forms  of  tire  there  is  no 
need  for  this  stretching,  so  the 

bead  can  be  made  of  stiff  and  rigid  material  as  well  as  cut  down 
somewhat  in  size. 

The  straight  side  or  Dunlop  type  of  tire  is  seldom  made  with 
much  of  any  bead,  the  layers  of  fabric  being  carried  straight  down. 
A  more  modern  form  of  tire  has  a  pair  of  woven-wire  cables  incor¬ 
porated  in  the  bead  to  make  it  stiffer  and  stronger,  and  this  is  said 


Fig.  61.  Section  Through  Assembled  Tire  and 
Tube,  Showing  Construction  and  Parts 
of  the  Tire  and  Tire  Valve 
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to  have  been  very  successful.  As  has  been  pointed  out  previously, 
this  could  be  done  only  with  the  quick-detachable  form,  not  with 
the  clincher  type. 

In  both  the  clincher  and  the  quick-detachable  forms,  the  bead 
holds  the  tire  to  the  wheel  by  means  of  parts  of  the  rim,  which  bear 
on  it  from  above,  as  well  as  sideways,  the  internal  pressure  when 
the  tire  is  inflated  pressing  it  against  these  parts  very  firmly. 

Repair  Work.  Utilizing  Good  Bead  and  Tread  in  Old  Tires.  It 
is  often  found  that  the  bead  of  one  tire  is  damaged;  in  this  case  the 
tire  is  useless  except  in  one  of  the  reconstruction  processes  by  which 
one  old  and  partly  damaged  tire  is  selected  for  its  good  bead  and  lower 
part  while  another  old  and  partly  worn-out  tire  with  a  poor  bead  is 
selected  for  its  good  tread  portion. 

The  bead  is  then  cut  off  the  latter,  the  edge  at  this  point  being 
cut  down  so  as  to  be  as  thin  as  possible,  and  the  latter  tire  sewed  on 
the  top  of  the  former.  The  good  bead  of  the  former  serves  as  the 
bead  for  the  combination,  while  the  double  thickness  of  tread,  even 
if  both  were  worn  somewhat,  gives  a  long  life.  As  doubling  up  the 
tread  portion  doubles  up  the  number  of  layers  of  frictioned  fabric, 
which  is  difficult  to  piece,  this  combination  results  in  a  tire  which  is 
almost  puncture-proof.  Of  course,  the  combination  is  not  a  hand¬ 
some  tire,  such  as  a  new  one  would  be,  but  considering  that  it  is  made 
from  two  old  tires  which  were  ready  to  be  discarded,  and  that  too, 
at  an  expense  of  less  than  seven  dollars,  and  that  it  will  give  a  mile¬ 
age  approximately  equal  to  a  new  tire,  one  should  not  mind  the 
looks. 

Punctures.  A  puncture  ordinarily  penetrates  the  outer  casing, 
and  punctures  the  tube.  When  the  latter  has  been  patched,  the 
whole  tire  is  apparently  as  good  as  new.  In  reality,  it  is  far  from 
that  for  the  patch  on  the  tube  will  never  be  as  strong  as  the  original, 
while  the  hole  through  the  shoe  may  or  may  not  be  the  cause  of  a 
subsequent  blow-out  or  other  severe  trouble.  If  the  rubber  compo¬ 
sition  is  at  all  torn,  this  should  be  taken  to  a  repair  man  for  a  small 
insert  of  patching  rubber,  and  vulcanization.  This  makes  the  shoe 
practically  as  good  as  new,  for  the  vulcanizing  operation  incorporates 
the  small  patch  into  the  tire  as  firmly  as  any  other  part  of  it. 

If  not  vulcanized,  a  small  pebble  may  lodge  in  this  little  hole, 
and  through  the  pressure  of  the  car  upon  it  and  road  shocks  and 
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blows,  may  be  driven  gradually  inward,  opening  up  the  hole  as  it 
goes,  until  other  and  larger  stones  are  picked  up,  driven  in,  and  the 
work  of  destruction  continued.  This  goes  on  if  the  owner  does  not 
notice  and  fix  it,  until  the  material  above  the  air  tube,  pumped  up 
to  perhaps  75  or  80  pounds  pressure  per  square  inch,  becomes  too 
thin  and  weak  to  support  it  longer,  when  a  small  explosion  takes 
place,  the  air  bursting  through  the  envelope.  This  is  technically 
known  as  a  blow-out,  and  if  severe  or  far  reaching,  may  put  the 
valuable  casing  beyond  the  reach  of  repairs. 

Not  all  blow-outs  are  caused  in  this  way,  many  occurring  on 
the  side  of  the  tire  where  a  fault  develops,  which  is  enlarged  by  a 
blow  or  cut,  until  the  material  can  stand  the  internal  pressure  no 
longer.  When  the  car  is  run  continuously  in  car  tracks,  or  in  the 
deep  ruts  of  a  country  road,  the  thin  sides  of  the  tire  chafe  off  very 
rapidly,  more  so  than  the  tread  under  similar  circumstances,  for  the 
rubber  on  the  side  is  purer  and,  being  softer,  cuts  more  easily. 

Whenever  the  surface  of  a  tire,  comparatively  new  and  thus 
worth  looking  after,  is  injured  and  a  portion  of  the  material  acci¬ 
dentally  removed,  it  is  well  to  repair  this  and  vulcanize  it  one’s  self, 
or  else  take  it  to  the  tire  repair  man.  These  few  remarks,  all  includ¬ 
ing  some  mention  of  the  ever-useful  vulcanizer  and  its  utility,  but 
lead  up  to  the  statement  that  every  motorist  should  own  one  of  the 
accessories  and  utilize  it  upon  every  possible  occasion. 

While  neither  this  treatment  nor  anything  else  will  make  an 
old  tire  new,  it  will  help  greatly  in  keeping  a  new  tire  new  and  in 
the  best  of  condition,  it  will  keep  the  tire  repair  bills  down  to  a 
minimum,  and  it  will  decrease  greatly  the  tire  cost  per  mile,  and  in 
these  and  other  ways  contribute  much  to  the  pleasure  of  motoring. 

Use  of  V ulcanizer.  The  act  of  vulcanization  might  be  explained 
as  the  process  in  which  raw  rubber  is  united  with  the  original  rubber 
of  the  tire  and  is  cured,  this  being  done  by  the  application  of  heat. 
This  heat  may  be  produced  by  the  burning  of  gasoline,  alcohol,  or 
other  similar  inflammable  fluid;  by  the  production  of  steam;  etc. 
In  general,  portable  vulcanizers  which  can  be  carried  on  the  car 
are  so  made  as  to  have  a  small  open  space  above  the  metal  surface 
which  contacts  with  the  tire.  To  use  the  tool,  this  space  is  filled 
with  gasoline  drawn  from  the  car’s  tank,  a  lighted  match  touched 
to  it,  and  the  process  proceeds  automatically.  The  size  and  shape 
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of  the  space  is  such  that  it  holds  just  as  much  gasoline  as  is  needed 
to  produce  the  required  heat  and  no  more.  For  this  reason,  it 
requires  no  particular  care  in  using,  as  is  the  case  with  a  stationary 
vulcanizer  in  a  shop.  There,  a  sufficient  supply  of  heat  is  available 
to  run  the  temperature  up  very  high,  so  that  the  novice  is  liable  to 
burn  the  rubber  and  thus  spoil  it  for  all  time. 

General  Rules  for  Tire  Work.  There  are  a  few  general  rules 
which  every  rubber  worker  should  observe,  whether  amateur  or 
professional.  These  are:  Cementing — the  more  thoroughly  cement 
is  worked  into  the  surfaces  to  be  united,  the  stronger  the  repair  will 
be.  Drying  the  dryer  the  cement  is  allowed  to  become  on  cement- 
covered  surfaces,  the  better  the  surfaces  will  unite  when  vulcanized. 
The  cement  acts  as  a  flux  and  does  not  begin  to  vulcanize  until  dry. 
Soapstone  soapstone  should  not  be  permitted  to  get  onto  -cement- 
covered  surfaces  as  it  will  prevent  their  being  vulcanized  together. 
A  little  soapstone  dusted  on  the  inside  surface  of  an  inner  tube, 
opposite  a  repair  but  not  permitted  to  contact  with  the  cementing 
surface,  will  prevent  the  walls  of  the  tube  from  becoming  vulcanized 
together.  When  this  occurs,  the  tube  is  practically  ruined. 

To  do  vulcanizing  work  successfully,  one  must  learn  to  clean 
the  surface  to  be  worked  on  in  a  thorough  manner.  This  may 
include  washing  clean  of  dirt  with  gasoline;  rubbing  dry;  cleaning 
and  slightly  roughing  with  sand  or  emery  paper;  using  the  best  and 
cleanest  of  cement  and  patching  rubber;  cleaning  the  latter  before 
using  in  the  same  way  as  the  tire  is  cleaned;  and  in  selecting  the 
right  patching  material  for  the  work. 

Anyone  who  has  had  bicycle-tire  experience,  and  that  includes 
almost  everybody,  can  repair  an  inner  tube,  but  to  do  this  so  that 
the  tube  will  be  as  good  as  new  requires  an  expert.  Many  times 
it  is  better  to  spend  60  to  70  cents  for  an  expert  job  and  thus  save 
a  tube  worth  $8.00  or  $10.00,  rather  than  fix  it  yourself  and  later  have 
the  patch  give  way  in  such  a  manner  as  to  spoil  the  tube.  However, 
tube  work  is  much  more  simple  than  that  to  be  done  on  casings' 
and  the  amateur  who  desires  to  do  his  own  rubber  work  is  advised 
to  start  on  tubes  and  send  all  casings  out  to  be  done,  until  he  has 
attained  considerable  proficiency. 

The  general  scheme  of  tube  repairs  includes  the  covering  of 
the  opening  and  a  considerable  distance  all  around  it  with  a  cemented 
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patch,  this  being  vulcanized  in  place  later.  The  selection  of  the 
patch,  its  application,  the  use  of  the  cement  at  the  right  time,  and 
various  other  small  details  enter  into  the  work,  and  each  one  must 
be  mastered.  Sometimes,  with  a  fairly  large  hole  it  becomes  neces¬ 
sary  to  slip  a  patch  through  so  that  it  covers  the  opening  from  the 
mside.  Then  the  actual  cut  is  filled  up  and  another  larger  patch 
put  on  the  outside.  The  first-named  operation  requires  considerable 
personal  dexterity  and  knowledge  of  patches  and  cement.  If  it 
fails,  the  whole  job  is  spoiled. 

Patching  Casings.  A  simple  case  of  patching  on  the  surface  of 
the  casing  is  that  in  which  a  hole  has  been  worn  in  the  rubber  with¬ 
out  damaging  the  fabric.  To  repair  this,  cut  away  the  worn  portion 
to  a  square  or  rectangle,  making  this  no  larger  than  is  necessary  in 
order  to  include  the  entire  hole.  This  should  also  be  made  parallel 
to  the  tread  of  the  tire  and  not  at  an  angle  with  it.  Cut  this  part 
of  the  rubber  clear  down  to  the  fabric,  taking  care  to  undercut  it 
as  much  as  possible,  also  being  careful  not  to  cut  into  the  fabric. 
After  this  has  been  cut  away,  cover  the  whole  inner  surface  of  rubber 
and  fabric  with  cement  and  work  it  in  well,  allowing  it  to  dry. 

Then  cut  a  patch  to  fit  the  cavity,  making  this  as  nearly  an 
exact  fit  as  possible.  Remove  the  cloth  from  the  back  of  this  and 
cement  one  side.  When  this  has  dried,  place  the  patch  in  the  cavity 
and,  beginning  at  one  end,  gradually  work  it  down,  moving  the 
fingers  along  to  the  other  end.  This  should  be  done  carefully  and 
systemmatically  in  order  to  drive  the  air  out  and  to  make  sure  all 
parts  of  the  patch  adhere.  When  this  has  been  done,  if  the  surface 
of  the  patch  does  not  come  slightly  above  the  surface  of  the  tire, 
start  over  and  repeat  the  whole  process,  putting  a  second  patch  on 
top  of  the  first.  If  necessary,  put  on  a  third  and  a  fourth  patch, 
but  bring  the  patching  rubber  surface  up  above  the  surface  of  the 
tire.  In  each  case,  also  make  sure  that  the  cement  is  dry  on  both 
cavity  and  patch  before  applying  the  latter. 

Then  the  casing  is  placed  in  the  vulcanizer  with  the  center  of 
the  patch  opposite  the  center  of  the  plate.  The  clamping  plate  is 
placed  inside  the  tire,  and  the  whole  clamped  together,  so  that 
pressure  is  exerted  against  the  inside  of  the  tire  to  force  the  outside 
against  the  vulcanizing  plate.  Light  the  fire  or  apply  heat  to  the 
vulcanizer.  As  soon  as  this  is  hot,  tighten  the  clamping  screws  as 
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much  as  possible.  Then  leave  until  the  outfit  begins  to  cool  off, 
after  which  remove  the  tire. 

As  the  vulcanized  portion  of  the  tire  looks  white  while  that 
part  of  the  old  rubber  on  all  sides  of  it  is  dark,  many  drivers  who 
do  their  own  repairs  cover  with  chalk  or  with  a  prepared  tire  paint 
the  whole  surface  of  the  tire  which  has  just  been  repaired.  This 
makes  the  entire  casing  look  better.  A  repaired  case  of  this  kind 
should  always  be  put  to  use  immediately,  as  there  is  something 
about  repaired  rubber  which  deteriorates  very  rapidly 
unless  it  is  in  use. 

Sand  Blisters.  A  tire  trouble  with  which  every¬ 
one  should  be  familiar,  because  it  happens  frequently, 
is  that  known  as  a  sand  blister.  This  consists  of  a 
small  round  bump  which  appears  usually  at  one  side 
of  the  tire,  Fig.  62.  It  may  or  may  not  protrude  from 
the  tire  some  distance,  depending  upon  its  size  and 
location.  When  felt  of,  it  will  be  found  to  be  very 
hard.  This  is  no  more  or  less  than  a  cluster  of  sand 
or  dirt  particles  which  have  entered  the  tire  at  some 
small  hole  close  by  and  have  worked  under  the  tread 
to  the  side.  Whenever  a  sand  blister  is  found,  a  small 
hole  in  the  tread  will  also  be  found  close  by. 

The  way  to  fix  this  is  to  open  the  bump,  take 
out  all  the  dirt  therein — you  will  be  surprised  at  the 
amount  of  it,  when  you  open  your  first  one — then 
close  up  the  opening  through  which  the  dirt  came.  To 
do  this,  proceed  as  follows :  Get  over  on  the  side  where 
the  bump  projects  and,  reaching  around  under  it  with 
a  small  and  thin  but  sharp-pointed  knife,  cut  a  small  hole  into  it  from 
below.  Remember,  cut  from  below,  for  if  cut  from  above  the  cut  will 
remain  and  will  itself  gather  in  dirt.  A  cut  made  from  below,  how¬ 
ever,  will  be  closed  partly  by  the  compression  of  the  rubber  and  will 
not  gather  any  dirt  in  that  position  even  if  it  does  not  close.  Now 
with  the  point  of  the  knife  poke  around  in  the  hole  so  as  to  get  out 
all  dirt  that  will  not  run  out  when  the  first  cut  is  made.  By  poking 
away  at  it  for  a  while  with  the  knife,  then  later,  as  it  gets  more 
nearly  empty,  with  a  match  or  similar  small  piece  of  wood,  all  of  the 
dirt  can  be  removed.  The  next  thing  to  do  is  to  fill  up  the  hole  in 


Fig.  62. 
Sand  Blisters 


71 


PRIVATE  GARAGES  AND  REPAIRS 

the  tread  and  if  possible,  the  passage  inside  the  tread  to  the  blister. 
This  is  done  by  means  of  specially  prepared  rubber  solutions,  known 
variously  as  mastic,  plastic,  tire  fillers,  etc. 

Tm  Fillers.  Tire  fillers  are  supposed  to  consist  of  a  solution 
of  pure  rubber  in  some  solvent  which  will  evaporate  so  that  as  soon 
as  this  substance  is  exposed  to  the  air,  it  begins  to  harden  and 
assume  the  form  of  pure  rubber.  The  idea  is  that  in  liquid  or  semi- 
liquid  form,  this  material  can  be  forced  into  small  holes,  cuts,  etc., 
which  could  not  readily  be  filled  up  in  any  other  way. 

At  any  rate,  these  tire  fillers  are  very  handy,  and  every 
owner  should  watch  for  small  surface  cuts  and  fill 
them  promptly  with  something  of  this  kind.  If  this 
preparation  fulfills  no  other  purpose,  it  prevents 
moisture  and  foreign  materials  from  getting  in  and 
making  the  opening  larger  and  larger.  With  a  twenty- 
five  cent  tube  of  filler  used  early  and  often,  a  man 
can  save  himself  a  whole  lot  of  trouble  and  several 
three-dollar  and  four-dollar  repairs  on  his  casings,  as 
well  as  saving  tubes. 

Loosened  Ridgy  Tread.  When  the  tread  of  the 
tire  gets  into  a  flat,  out-of-shape  condition,  with  waves 
along  its  surface,  Fig.  63,  the  ridges  feeling  loose  when 
touched  with  the  fingers,  this  is  a  sign  that  the  whole 
rubber  portion  of  the  tread  has  become  loosened  from 
the  fabric  below  it.  (See  the  tire  section,  Fig.  61.) 

This  condition  is  brought  about  by  continued  running 
with  insufficient  air  in  the  tire,  that  is,  the  driver  is 
responsible  for  it,  and  the  cause  is  under-inflation.  At  LoosSfd 
the  same  time,  the  tire  which  has  been  run  any  distance  or  for  any 
length  of  time  without  enough  air  will  show  rim  cutting,  usually. 

To  explain  the  effect  of  under-inflation,  suppose  the  weight 
of  the  car  rests  upon  the  poorly  inflated  tire  and  has  flattened  it 
out  so  that  the  car  is  running  on  the  rubber  rather  than  on  the  air 
within  it.  In  this  flattened  condition,  none  of  the  parts  of  the  tire 
can  assume  the  shape  and  position  intended.  In  the  case  of  the 
tread,  this  is  a  different  composition  from  the  fabric  beneath  it  and 
is  united  to  the  latter.  In  the  flattened  condition,  the  weight 
pressing  down  the  sides  of  the  tire  has  broken  the  bond  between 
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the  tread  and  the  canvas  at  the  center.  Being  loose  all  around  the 
circumference  at  the  center,  this  has  assumed  the  wavy  appearance 
noted;  while  continued  running  after  this  loosening  began  has 
doubtless  loosened  the  tread  clear  over  to  the  sides,  in  fact,  all  over. 
The  remedy  is  a  new  tread,  providing  there  are  no  further  injuries 
to  make  this  unwise;  providing  particularly  there  is  no  rim  cutting; 
and  providing  that  the  tire  was  near  enough  to  new  to  warrant  such 
work  and  expense.  Retreading  is  an  expert  tire  man’s  job,  and  not 
•for  the  novice  or  the  amateur. 

Rim  Cutting.  The  second  result  of  running  with  insufficient 
air  pressure  in  the  tires  is  rim  cutting.  By  this  is  meant  cutting 
through  the  sides  of  the  tire  with  the  edges  of  the  rim.  At  sight, 
the  latter  seem  to  be  rounded  off  and  smooth,  and  such  is  the  case; 
but  by  running  with  the  weight  of  the  car  pressing  them  into  the 
light  sides  of  the  tire  where  there  is  the  least  material,  it  does  not 
take  long  to  abrade  the  fabric,  then  cut  it  through,  after  which 
the  moisture  which  gets  in  and  continued  running  make  short  work 
of  the  tire. 

This  condition  can  be  told  at  any  time  by  examining  the  sides 
of  the  tire.  If  there  is  any  sign  of  cutting  or  abrasion  between  the 
bead  and  the  extreme  edge  of  the  tread,  this  may  be  considered  as 
rim  cutting;  providing  it  is  continuous  around  the  tire  and  not 
restricted  to  one  or  two  small  spots.  Referring  [again  to  Fig.  61, 
it  will  be  noticed  that  on  the  lower  part  of  the  sides  where  the  pad¬ 
ding  is  tapering  down  to  nothing  and  beyond  the  point  where  the 
tread  has  tapered  to  nothing  and  stopped,  there  is  but  the  thick¬ 
nesses  of  fabric  to  hold  the  tire  together.  That  is,  at  this,  the  weakest 
point  in  the  tire  because  there  is  the  least  need  for  strength  here, 
the  entire  construction  consists  of  some  five  or  six  layers  of  fabric 
with  just  a  coating  of  rubber  formed  by  the  tapering  end  of  the 
padding.  It  is  at  this  point  that  the  rim  cutting  is  to  be  found. 

A  tire  that  is  badly  rim  cut  cannot  be  repaired,  for  the  strength 
of  a  tire  is  in  its  fabric  and  as  soon  as  the  fabric  becomes  worn, 
cut,  or  damaged,  the  strength  is  gone.  In  this  position,  the  fabric 
cannot  be  pieced  as  there  is  nothing  to  fasten  to  and  nothing  to 
cover  it.  If  the  rim  cutting  is  discovered  after  but  one  layer  of 
fabric  is  cut  through,  the  tire  can  still  be  run,  depending  on  the 
strength  of  the  other  layers,  but  with  more  than  one  cut,  there 
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■will  not  be  sufficient  strength  to  hold  the  tire  together  against  the 
air  pressure  within. 

Skidding  and  Quick  Braking.  When  a  tire  which  is  almost 
new  or  at  least  in  excellent  condition  shows  at  one  point  a  very 
bad  spot,  Fig.  64,  the  surface  rubber  being  worn  through  and  that 
all  around  it  scraped  and  worn,  perhaps  picked  up  or  torn  off  in 
chunks  in  one  or  two  places,  this  indicates  one  of  two  things,  either 
very  bad  skidding  or  a  too  quick  application  of  the  brakes  in  stop- 
ping.  That  is,  the  car  has  slid  along  with  the 
wheels  locked  either  in  a  skid  or  by  means  of  the 
brakes  and  this  sliding  has  done  the  damage. 

The  writer  has  seen  almost  new  tires,  run 
but  a  few  hundred  miles,  absolutely  spoiled 
beyond  hope  of  repair  by  the  grandstand  method 
of  stopping  a  car  all-standing,  that  is,  driving  fast 
right  up  to  the  point  where  it  is  desired  to  stop 
and  then  applying  all  the  brakes  with  all  the 
force  applicable,  in  order  to  stop  the  car  short. 

It  stops  the  car  short  all  right,  but  it  also  ends 
the  life  of  tires  just  as  shortly. 

In  a  case  of  this  kind  when  it  comes  to 
repairs,  the  only  question  is — How  deep  does  the 
wound  extend?  If  not  too  deep,  that  is,  if  none 
of  the  fabric  is  injured  and  if  the  entire  surface 
abraded,  and  in  addition  that  which  is  spoiled 
by  the  heat  generated  in  such  stops  or  slides,  is 
not  too  large,  an  expert  tire  man  can  repair  this 
by  the  stepping  method.  On  the  other  hand,  if 
too  large  for  this,  a  sectional  repair  may  be  made  unless  the  area 
effected  makes  this  impossible  also.  This  sectional  repair  is  equiva¬ 
lent  to  rebuilding  a  portion  of  the  tire.  Even  when  well  done  it 
is  comparatively  weak  and  cannot  be  expected  to  last  very  long. 

Even  if  the  injury  has  been  caused  by  skidding,  the  conse¬ 
quences  are  just  as  bad  and  the  repair  cost  just  as  great.  The 
writer  considers  skidding  just  as  much  the  driver’s  fault  as  is  the 
showy  and  quick  stop,  for  when  wet  pavement  or  road  is  observed 
ahead,  it  is  the  driver’s  duty  to  slow  down  before  he  gets  onto  it. 

If  he  does  not,  the  fault  is  his. 


Fig.  64.  Tear  Due  to 
Quick  Braking 
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Referring  back  to  the  matter  of  quick  braking  of  a  car  it  should 
be  stated  that  repeated  tests  have  proved  beyond  a  question  of 
doubt  that  a  car  is  not  stopped  as  quickly  when  the  brakes  are 
applied  suddenly  and  the  wheels  locked,  as  when  the  brakes  are 
put  on  gently  but  firmly  and  progressively.  In  short,  the  quick 
method  of  braking  not  only  damages  the  tires  (and  possibly  other 
parts  of  the  car  by  putting  unusual  strains  upon  them)  but  it  is 
also  poor  driving  for  it  is  a  poor  and  inefficient  way  to  stop  the  car. 

Chains  Cut  Tires.  Everybody  should,  and 
most  everybody  does,  use  tire  chains  in  wet 
weather  over  muddy  roads  and  under  such  other 
conditions  as  make  traction  difficult  or  impossible 
for  the  smooth  and  slippery  surface  of  the  rubber 
tire.  But  not  all  persons  use  them  wisely  or 
well.  It  should  be  borne  in  mind  that  the  chains 
are  of  metal  and  if  left  on  when  running  over  hard 
pavements  or  equally  hard  roads,  instead  of  soft 
muddy  ones  on  which  they  are  supposed  to  be 
used,  the  metal  links  will  cut  the  rubber.  When 
properly  applied,  the  chains  should  “float”  around 
the  circumference  of  the  wheel,  that  is,  within 
limits.  By  this  is  meant  that  they  should  not 
be  fastened  permanently  in  one  place,  nor  under 
any  circumstances  should  they  be  fixed  to  a  spoke 
or  spokes  of  the  wheel. 

When  this  is  done,  they  stand  in  one  place, 
the  links  are  pressed  down  time  after  time  onto  the 
Fig  65  same  part  of  the  tread  rubber  and  in  a  short  time 

Cham  Cut  Tire  .  . 

begin  to  dig  m  and  cut  there,  Fig.  65.  If  con¬ 
tinued  long  enough  or  if  the  chains  are  left  on  too  long,  this  cutting  will 
go  right  through  to  the  fabric.  Then  the  surface  rubber,  cut  through 
in  a  dozen  or  more  places  by  the  numerous  links,  will  begin  to  come 
off  in  small  pieces.  The  only  remedy  for  this  is  retreading 
and  this  is  to  be  done  only  when  the  condition  of  the  tire  otherwise 
warrants  it. 

The  way  to  use  chains  is  to  take  them  off  as  quickly  as  the  need 
for  them  has  passed.  But  the  careful  driver  should  be  equally 
quick  to  put  them  on  when  a  fresh  need  for  them  arises.  Also,  they 
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should  be  put  on  as  loosely  as  is  possible  without  striking  the  fenders 
or  other  parts  of  the  car. 

Tire  Valves.  In  Fig.  61  there  is  shown  a  section  through  the 
tire  valve  but  on  a  small  scale.  As  this  is  a  very  important  part 
and  little  understood,  a  larger  view  is  shown  in  Fig.  66.  This  is  in 
two  parts,  A  at  the  left  showing  the  valve  closed  and  B  at  the  right 
indicating  the  position  of  the  various  parts  when  the  valve  is  open. 
Note  that  the  lower  part  of  the  valve  is  hollow,  so  that  air  inside  of 
the  tire  has  access  to  the  valve  seat.  Note  that  the  valve  is  held 
down  on  this  by  the  threaded  portion  above  it.  This  valve  seat 
forms  a  slight  taper,  which 
rests  against  an  equally  slight 
taper  inside  of  the  valve  stem. 

One  condition  of  the  tire 
valve  holding  air  pressure  is 
that  the  two  valve  seats  be 
clean  and  smooth,  free  from 
scratches  or  cuts  and  foreign 
matter.  Now  it  will  be 
observed  that  the  valve  seat 
portion  of  the  valve  has  a 
hole  through  the  center  in  which 
the  stem  is  a  loose  fit.  This 
large  hole  passes  all  the  way  up 
through  the  threaded  portion. 

The  stem  has  a  projection  below 
the  valve  seat,  which  normally 
is  held  up  against  the  bottom  of  the  seat  by  the  spring,  this  being 
strong  enough  to  hold  it  up  so  tightly  that  no  air  can  pass  between 
the  two.  There  are  other  conditions  for  valve  tightness.  The 
spring  must  be  strong  enough  to  hold  these  parts  together;  and  the 
surfaces  must  be  clean  and  true  so  that  when  held  together,  no  air 
can  get  through. 

Action  of  Valve.  The  action  of  the  valve  is  this:  When  air  is 
pumped  in,  it  passes  down  around  the  central  stem  until  it 
meets  the  projection,  which  it  forces  down  against  the  pressure  of 
the  spring,  and  when  there  is  air  inside,  against  the  pressure  of  the 
internal  air.  As  soon  as  this  is  pressed  down,  the  air  passes  in,  and 
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if  the  external  pressure  is  stopped,  as  at  the  end  of  a  stroke  of  the 
pump,  the  spring  and  the  internal  pressure  push  the  projection 
back  into  place,  and  no  air  can  escape.  On  the  next  pressure  stroke 
of  the  pump,  this  is  repeated,  the  whole  process  continuing  until  the 
tire  is  filled. 

Leaky  Valves.  It  will  be  noted  that  with  a  good  clean  spring, 
projection,  and  valve  seat,  the  pressure  of  the  air  itself  holds  the 
valve  tight.  Thus,  when  a  valve  leaks,  it  is  a  sure  sign  that  some 
part  or  parts  of  it  are  not  in  good  condition.  If  the  valve  is  not 
screwed  down  far  enough,  air  can  leak  out  around  the  valve  seat, 
so  that  leakage  may  be  remedied  by  screwing  the  whole  valve  farther 
down  into  the  stem.  If  the  valve  stem  is  too  tight  a  fit  in  the  central 
hole,  it  may  stick  in  a  position  which  allows  air  to  pass.  This  can 
be  remedied  by  a  drop  of  oil  placed  on  the  stem  and  allowed  to 
run  down  it.  But  not  more  than  one  drop  should  be  used  as  rubber’s 
greatest  enemy  is  oil,  and  the  tube  with  which  the  valve  communi¬ 
cates  is  nearly  pure  rubber. 

If  the  spring  is  too  weak  to  hold  the  projection  against  the 
bottom  of  the  valve  seat,  it  will  leak.  This  can  be  remedied  by 
taking  out  and  cleaning  the  spring,  also  stretching  it  as  much  as 
possible.  In  general,  however,  the  best  plan  of  action  with  a 
troublesome  tire  valve  is  to  screw  it  out  and  put  in  a  new  one. 
These  can  be  bought  for  fifty  cents  a  dozen  and  every  motorist  should 
carry  a  dozen  in  a  sealed  envelope.  Also  a  combination  valve 
tool.  When  trouble  arises  with  the  valve,  or  a  tire  leaks  down  flat 
with  no  apparent  cause,  screw  out  the  valve  with  the  tool,  screw 
in  a  new  one,  make  sure  it  is  down  tight,  and  pump  up  again.  The 
few  cents  it  will  cost  to  throw  away  a  valve,  even  if  it  should  hap¬ 
pen  to  be  good,  will  be  more  then  compensated  for  by  the  time 
saved.  Another  point  is  that  the  whole  valve  assembly  is  so  very 
small  that  it  is  difficult  to  handle. 

Washing  tires  often  is  a  good  practice,  for  water  does  them  no 
harm,  while  all  road  and  car  oils  and.  greases  will  be  cleaned  off, 
nearly  all  of  these  being  injurious.  Frequent  washing  will  also  serve 
to  call  the  owner’s  attention  to  minor  defects  while  they  are  still 
small  enough  to  be  easily  repaired  and  are  thus  prevented  from 
spreading.  When  not  in  use,  tires  should  be  wrapped,  so  as  to  be 
covered  from  light,  and  put  away  in  a  dry  room  in  which  the  tern- 
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perature  is  fairly  constant  the  year  round.  They  will  not  stand 
much  sunlight,  nor  many  alterations  of  temperature.  Cold  hardens 
the  tires  and  causes  rubber  to  crack.  Heat  has  a  somewhat  similar 
effect  and  also  draws  out  its  life  and  spring. 

In  general,  of  all  things  to  be  cared  for  and  repaired  promptly, 
no  one  thing  is  of  more  importance  than  the  tires.  If  this  rule  be 
kept  in  mind,  better  satisfaction  in  the  use  of  the  car  will  result. 
So,  too,  with  other  repair  work,  if  tools  and  appliances  are  made 
available  and  repairs  made  as  soon  as  needed,  the  car  will  be  better 
understood  and  give  more  satisfaction  than  if  the  opposite  course 
he  pursued.  A  few  short  months’  use  of  a  car  will  do  more  to 
emphasize  this  than  any  amount  of  talk.  Keep  your  car  in  good 
condition  and  you  will  reap  the  benefits  of  the  little  work  you  do 
upon  it. 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

GASOLINE  AUTOMOBILES 

PART  IV 


1.  What  is  the  function  of  the  frame  in  an  automobile? 

2.  Generally  speaking,  what  differences  are  noticeable  be¬ 
tween  touring-car  and  commercial-car  frames? 

3.  Name  the  two  principal  classes  into  which  frames  are 
divided,  and  discuss  the  characteristics  of  each  class. 

4.  Describe  the  dropped  frame  and  mention  its  advantages. 
Distinguish  between  single  drops  and  double  drops. 

5.  What  is  the  purpose  of  narrowing  the  frame  at  the  front? 

6.  What  is  the  purpose  of  sub-frames?  Give  two  reasons 
for  their  use. 

7.  Name  two  kinds  of  sub-frames.  Give  an  advantage  of 

each. 

8.  Mention  the  advantages  for  wood  as  a  frame  material. 
What  is  the  real  disadvantage  of  square  steel  with  wood  center  for 
chassis  frames? 

9.  Give  one  important  advantage  of  using  tubular  sub- 
frames. 

10.  Describe  the  rear-spring  construction  of  a  Ford  car. 

11.  What  arc  the  advantages  of  pressed  steel  for  frames? 

12.  Name  the  seven  forms  of  springs  in  general  use.  Describe 
each  one. 

13.  How  are  platform  springs  attached  to  the  car? 

14.  What  are  the  advantages  of  cantilever  springs? 

15.  Why  does  underslinging  of  frames  change  the  springs? 

16.  What  is  the  object  of  “rebound  clips”  used  on  springs? 
Describe  them. 
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ON  THE  SUBJECT  OF 

GASOLINE  AUTOMOBILES 

PART  V 


1.  What  are  the  double  requirements  of  a  correct  steering 

gear? 

2.  Describe  the  action  of  a  correct  steering  arrangement  in 
turning  a  corner. 

3.  Name  the  different  forms  of  steering  gears  now  in  use  and 
describe  one  form. 

4.  Why  is  the  worm  utilized  in  nearly*  all  steering  gears? 

5.  Give  the  special  advantages  of  the  Hindley  worm  over 
other  forms. 

6.  How  are  the  spark  and  throttle  levers  usually  connected 
to  the  steering  wheel? 

7.  What  is  the  usual  form  of  construction  for  both  steering 
rods  and  cross-connecting  rods?  What  is  the  usual  material? 

8.  Name  the  advantages  of  four-wheel  steering;  of  four- 
wheel  driving. 

9.  Select  the  best  four- wheel-drive  arrangement,  and  justify 
.  your  selection. 

10.  What  are  the  advantages  of  large  wheels?  Of  large  tires? 

11.  How  may  the  spokes  of  a  wheel  be  set  so  as  to  strengthen 
it?  Is  this  done  in  practice?  If  so,  give  an  example. 

12.  What  are  the  advantages  of  wire  wheels? 

13.  What  advantages  have  spring  wheels  over  wood  wheels? 

14.  Select  and  describe  one  type  of  spring  wheel. 

15.  Discuss  pressed-steel  wheels  giving  their  advantages  and 
disadvantages. 

16.  What  are  the  advantages  of  the  pneumatic  hub?  Of  the 
spring  hub? 
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ON  THE  SUBJECT  OF 

AUTOMOBILE  DRIVING 


1.  What  is  the  first  thing  to  learn  about  driving  an  auto- 
mobile? 

2.  What  is  the  best  and  quickest  way  to  do  this? 

3.  Explain  how  this  slops  the  car. 

4.  What  is  meant  by  the  emergency  brakes  f 

5.  How  do  these  act,  where  are  they  located,  and  how  are 
they  operated  by  the  driver? 

6.  Sketch  and  explain  the  Hupmobile  starter. 

7.  What  is  meant  by  the  service  brake  or  brakes  f 

8.  How  would  you  test  a  spark  plug? 

9.  What  is  a  slipping  clutch t 

10.  How  is  it  fixed? 

1 1 .  What  is  a  fierce  clutch  and  how  is  it  altered? 

12.  Describe  the  cleaning  and  oiling  of  a  chain. 

13.  What  is  the  best  form  of  tubing  for  gas  bags  and  why? 

14.  Describe  in  detail  the  method  of  lining  up  lamps? 

15.  What  are  the  two  general  principles  of  passing  a  vehicle 
ahead? 

16.  Mention  the  chief  points  in  which  care  must  be  exercised 
in  making  a  blind  turn. 

17.  What  rule  must  always  be  remembered  in  making  turns? 

18.  Tell  how  you  would  get  out  of  a  blind  court. 

19.  How  often  should  engine  valves  be  ground  inf 

20.  Describe  the  method  of  doing  this. 

21.  How  are  carbon  deposits  formed  on  cylinder  walls,  valves 
and  pistons? 

22.  Describe  one  method  of  removing  carbon. 

23.  What  is  the  effect  of  mixing  graphite  with  lubricating  oil, 
and  what  is  the  proper  proportion? 
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1.  Give  the  arguments  in  favor  of  private  garage  as  com¬ 
pared  with  public  garage  service. 

2.  Contrast  city  conditions  and  country  or  suburban  con¬ 
ditions  as  regards  the  private  garage  problem. 

3.  Give  a  few  of  the  standard  type  of  garages,  and  name 
some  of  the  advantages  of  each. 

4.  Compare,  in  a  general  way,  the  cost  of  a  wood  garage 
and  one  of  concrete  on  metal  lathe. 

5.  Give  what  arguments  you  can  in  favor  of  the  square  type 
of  one-car  garage;  of  the  long  type.  Which  would  you  prefer? 

6.  What  are  the  particular  advantages  of  a  portable  garage? 

7.  Name  three  very  important  elements  in  the  design  of  a 
garage. 

8.  Why  is  the  heating  of  a  garage  necessary,  and  how  can  it 
best  be  accomplished  in  the  country? 

9.  Give  the  characteristics  of  a  proper  drain  for  a  garage. 

10.  What  is  the  necessity  for  an  outside  fuel  tank,  and  of 
what  should  this  equipment  consist? 

11.  Describe  an  overhead  washing  apparatus. 

12.  Give  some  reasons  why  a  turntable  in  a  garage  is  a  desir¬ 
able  feature.  Give  some  of  the  main  points  in  the  design. 

13.  Why  is  it  desirable  that  every  car  owner  should  be  his 
own  repair  man  as  far  as  possible?  Give  a  general  idea  of  the 
equipment  necessary  for  carrying  on  repairs. 

14.  What  would  be  the  ratio  of  the  appropriation  for  the 
garage,  and  for  the  tools  with  which  to  equip  it. 
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284 

ball  bearings 
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gas  tank 

285 

classification 

79 

generator 

284 

roller  bearings 

80 

lamp 

286 

type,  change  of 

83 

rubber  tubing 

285 

Axles  (front) 

63 

tubing  and  gas  bags 

285 

camber  effects  on  axle 
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Acme  shock  absorber 

56 

Elliott  type 

63 

Air  cushion  shock  absorber 
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fifth-wheel  type 

68 

Alda  spring 
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front-drive  type 

67 

Ammeter 
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Appendix 
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65 

Automobile  driving  253 
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Marmon  self -lubricating  axle 

69 

acetylene  system 

284 

materials 

71 

carbureters 

315 

axle  design  for  easy  steering 

79 

chains 

283 

axles  with  front  brakes 

77 

clutch 

281 

cast  axles 

71 

troubles  with 

351 

drop  forgings 

73 

cooling  system,  troubles  with 

347 

forgings 

72 

drive  system,  troubles  with 

352 
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76 
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287 
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74 

engine  troubles 

346 

wood 

71 
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348 

repairs 

83 

ignition  troubles 

321 

straightening  axle 

85 

ignition  system,  troubles  with 

349 

troubles 

83 

lighting  systems 

283 

alignment  of  front  wheels 

83 

lubrication  system,  troubles  with 

350 

Axles  (rear)  «  86, 

417 

management  on  the  road 

253 

repairs 

107 

car,  stopping  of 

253 

Ford  axles,  checking-up 

110 

measuring  instruments 

330 

workstand  equipment 

108 

motor  touring  information 

353 

transmission 

86 

road  regulations  and  precautions 

290 

chain  drive 

88 

spring  repairs 

337 

classification 

86 

steering  gear 

281 

efficiency 

88 

transmission  system,  troubles  with  352 

friction  drive 

90 

troubles  and  their  avoidance 

309 

rope  and  cable  drive 

90 
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electric  starters 

264 

worm-gear  drive 

91 

gas  and  air  starters 

264 

troubles 

107 
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method 
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locating 

109 
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types  of 

96 

car,  trying  out  of 

261 
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96 
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260 

classification 

96 

nuts  and  bolts 

259 

clutch  forms 

98 

oil 

260 
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spark 

260 
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97 
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259 
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259 

axles 

104 

right  and  wrong  method 
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100 
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261 
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102 

cranking 

261 

rear-wheel  bearings 

107 

starting  crank 

262 

stopping  of 

253 

B 

emergency  brakes 

255 

engine  used  as  a  brake 

257 

B.K.  (French)  metallic  spring  wheel 

186 

gears 

258 

Battery 

326 

service  brakes 

256 

Bevel  gears 

422 

throttle,  closing  of 

253 

Boston  mechanical  starter 

264 

trying  out  of 

261 

Brakes 

346 

Careless  brushes 

289 

Carbon  deposits 

311 

C 

Carbureters 

315 

Car 

air,  pre-heating  of 

320 

control 

268 

characteristic  features 

315 

development  of 

278 

cleaning  of 

318 

emergency  brakes 

280 

details  of 

319 

gear  changing,  proper  proced- 

troubles 

316 

ure  in  270,  271,  272 

Carburetion  and  fuel 

321 

instrument  board 

276 

Cast  axles 

71 

levers 

281 

Cast-steel  wheels 

182 

reversing 

274 

Chains 

283 

selectors,  typical  forms  of 

268 

Chalmers,  service  brake  and  operat- 

shifting  gears 

280 

ing  pedal 

257 

simplicity  of 

276 

Chassis  repairs 

409 

spark,  use  of 

273 

bevel  gears 

422 

speed 

274 

clutches 

413 

systems  of 

275 

difficult  jobs 

423 

smarting  of 

258 

driving  shaft 

417 

crank,  how  to  hold 

262 

frame  strengthening  rods 

419 

devices 

263 

gaskets 

409 
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Chassis  repairs  (continued) 

Forgings 

72 

rear  axle 

417 

Frame  rods 

419 

rear  construction 

420 

Frames 

11 

springs 

420 

classes  of 

11 

transmission 

415 

construction 

16 

wheel  pullers 

421 

chassis  frames  of  tubing 

24 

wiring 

410 

commercial- vehicle 

26 

Christie  front-drive 

67 

Fergus  frame 

20 

Circuits 

323 

frame  changes 

34 

Clincher 

202 

pressed-steel 

27 

Clutches  281, 

351,  413 

wood 

17 

Commercial  car  wheels 

180 

general  characteristics 

11 

cast-steel  wheels 

182 

sub¬ 

14 

requisites 

180 

troubles  and  repairs 

37 

steel  and  wood  construction 

183 

fracture 

38 

wood  wheels 

180 

sagging 

37 

Condenser 

284 

Condenser  and  short  circuit 

326 

G 

Contact  points 

325 

Garage 

Cooling  system 

347 

design 

361 

Cord  tires 

209 

one-car  designs  in  detail 

372 

Cranking 

261 

public  vs.  private  garages 

361 

two-  and  three-car  designs 

375 

D 

types 

362 

Drive  system 

352 

equipment 

380 

Driving  members 

289 

drainage 

384 

Driving  shaft 

417 

general  instructions 

394 

Dunlap  tire 

2Q2 

heating 

381 

home-made 

391 

E 

lighting 

381 

Electric-car  springs 

51 

oil  and  gasoline 

384 

Electric-lighting  system 

287 

power,  source  of 

384 

carbon  brushes 

289 

supply  cabinet 

387 

driving  members 

289 

tools 

387 

generator  or  motor 

288 

turntable 

386 

storage  battery 

287 

ventilation 

382' 

wires 

290 

washing  apparatus 

385 

Elliott  axle 

63 

water  supply 

383 

Emergency  brakes 

255 

repairs 

395 

Engine 

257 

bearings 

401 

troubles 

347 

carbon,  removal  of 

397 

chassis 

409 

F 

engine,  overhauling  of 

395 

Fergus  frame 

20 

engine  heating 

407 

Float  spindle 

322 

engine  noises 

405 

Ford  axles,  checking-up 

110 

pistons,  removal  and  replace¬ 

Ford  spring 

48 

ment  of 

398 
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Garage  (continued) 
repairs 

timing  gears,  working  of  408 

valves  402 

Gas  tank  285 

Gasoline  automobiles  11-251 

axle  bearings  79 

axles  (rear)  86 

axles  (front)  63 

frames  1 1 

rims  209 

springs  39 

steering  mechanisms  117 

tire  repairs  229 

tires  201 

wheels  165 

Gaskets  409 

Gasoline  260 

system  348 

Gears  258 

steering  118 

bent  lever  type  126 

bevel-gear  type  127 

general  characteristics  122 

inclining  axle  pivots  118 

levers  in  front  of  axle  120 

spur  gear  type  127 

wheels  in  turning,  action  of  119 
worm  gear  type  127 

Generators  284,  288 

Genillon  spring  hub  196 

Goodyear  universal  rim  212 

H 

Hartford  shock  absorber  55 

Haynes  frame  showing  tank  and  tire 

support  35 

Haywood  vulcanizer  231 

Hood,  or  bonnet  254 

Hoover  shock  absorber  58 

Hupmobile  cars,  starting  lever  265 

Hupmobile  starter  266 

Hydraulic  suspensions  as  shock  ab¬ 
sorbers  62 
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Ignition  system,  testing,  adjusting, 

and  maintenance  of  334,  349 
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magnets,  care  of  33( 

magnetometer  336 

multimeters  33 1 

volt-ammeter,  use  of  334 

Ignition  troubles  321 

battery  326 

carburetion  and  fuel  321 

circuits  323 

condenser  and  short  circuit  326 

contact  points,  worn  and  pitted  325 

float  spindle  322 

inlet  valve  323 

leaky  float  322 

magneto  328 

miscellaneous  330 

spark  plugs  327 

water  or  moisture  in  the  coil  327 

wires,  broken  and  wet  324 

wiring  328 

Inlet  valve  323 

J 

Jeffery  Quad  four-wheel  drive  160 

L 

Lamp  286 

Laporte  shock  absorber  56 

Leaky  float  322 

Lemoine  axle  65 

Levers  255 

Lighting  systems  283 

Lipkowsky  spring  wheel  188 

Lubrication  5l?  314 

system  350 

M 

Magneto  328 

care  of  336 

Magnetometer  336 

Magnets,  removing  of  325 

Marmon  self-lubricating  axle  69 

Measuring  instruments  330 

ammeter  334 
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Measuring  instruments  (continued) 


effect  of  construction  on  consump- 


tion 

332 

ignition  system 

334 

test 

331 

Mechanical  features 

309 

carbon  deposits 

311 

lubricants 

314 

oils 

312 

valves,  grinding  of 

309 

Motor 

288 

Motor  touring  information 

353 

Multimeters 

335 

N 

Non-skid  tire  treads 

204 

Nuts  and  bolts 

259 

O 

Oil 

260,  312 

Overland  four-cylinder  car 

256 

P 

Parker  pressed-steel  wheels 

179 

Perlman  rim  patents 

225 

Pleasure-car  wheels 

168 

Parker  pressed-steel  wheels 

179 

sheet-steel  wheels 

175 

wire  wheels 

171 

wood  wheels 

168 

Pneumatic  tires 

201 

changing  tires 

206 

classification 

201 

proper  tire  inflation  pressures 

204 

recent  improvements 

208 

Private  garages  and  repairs 

361-437 

equipment 

380 

garage  design 

361 

repairs 

395 

R 

Rims 

209,  338 

clincher 

210 

demountable 

215,  238 

design  features 

338 

forms 

341 

5 


Page 

Rims  (continued) 

Perlman  rim  patents  225 

plain  210 

quick-detachable  tire  rims  210 

standard  sizes  226 

wheels,  detachable  343 

Road  regulations  and  precautions  290 

blind  courts  306 

blind  turn  295 

blue  books  and  guides,  use  of  308 

boxed  300 

bridges  306 

city  driving  299 

corner  shaving  to  be  avoided  302 

leading  a  horse  291 

left-hand  drive,  operation  of  296 

narrow  roadways  293 

negotiating  turns  301 

passing  horses  290 

road  crossings  295 

road  fork,  approaching  of  302 

turns  and  crossings  300 

vehicles  292,  293,  294 

Rods  (steering)  141 

construction,  types  of  143 

cross-connecting  rods  146 

steering  knuckles,  functions  and 

shapes  of  147 

Rubber  tubing  285 

S 

Schuyler  spring  hub  195 

Seaton  spring  wheel  (American)  192 

Service  brakes  256 

Shaler  vulcanizer  230 

Sheet-steel  wheels  175 

Shock  absorbers  54 

air  cushion  59 

coil  springs,  alone  and  in  combi¬ 
nations  56 

flat-plate  recoil  springs  59 

frictional-plate  type  55 

function  54 

general  classes  54 

hydraulic  suspensions  62 

Sidar  spring  wheel  191 

Spark  260 


Note. — For  page  numbers  see  foot  of  pages. 
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Spark  plugs  327 

Spring  repairs  337 

Spring  tread  wheel  186 

Spring  wheels  185 

miscellaneous  types  195 

modern  status  of  198 

movable-axle  type  188 

spring  tread  type  186 

Springs  39,  420 

basis  of  classification  39 

cantilever  43 

construction  and  materials  51 

electric-car  51 

full-elliptic  40 

lubrication  51 

methods  of  attaching  46 

platform  42 

quarter-elliptic  45 

remedies  52 

semi-elliptic  40 

shock  absorbers  54 

special  forms  47 

Alda  50 

Ford  48 

Winton  47 

three-quarter  elliptic  41 

troubles  52 

broken  springs  53 

lubrication  52 

tempering  or  resetting  springs  53 
Steel  and  wood  construction  183 

Steering  gear  281 

Steering  mechanisms  117 

four-wheel  steering,  driving,  and  ' 

braking  149 

advantages  of  158 

bevel  gear  drive  152 

electric  drive  152 

problems  of  149 

recent  developments  160 

shaft  drive  155 

gears  118 

rods  141 

troubles  and  repairs  148 

wheels  135 

Steering  wheel  254 

Storage  battery  287 


Note. — For  page  numbers  see  foot  of  pages. 
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automobile  frames  (pressed-steel)  112 
automobiles  laws  of  various  states  354 
common  ignition  troubles  and 

remedies  333 

comparative  strength  of  steel 
channels  and  laminated 
wood  frames  18 

efficiencies  of  forms  of  drive  88 

fifty-nine  tests  of  sheet-metal  au¬ 
tomobile  frame  sections, 
results  of  113 

list  of  nine  standard  channel- 
section  pressed-steel 
automobile  frames  115 

proper  pressures  in  tires  260 

Taylor  spring  wheel  193 

Thomas  double-joint  four-wheel  drive  164 
Throttle,  closing  of  253 

Tire  construction  and  repair  423 

bead  425 

composition  and  manufacture  424 

repair  work  426 

tire  valves  435 

Tire  repairs  229 

casing  molds  233 

casing  repairs  244 

blow-outs  245 

classifying  troubles  244 

reliner,  use  of  250 

retreading  248 

rim-cut  repair  247 

sand  blisters  245 

summary  251 

equipment  237 

small  tool  239 

inner  tube  repairs  241 

inserting  new  section  243 

large  patches  241 

simple  patches  241 

inside  casing  forms 
materials 
outfits 

retreading  vulcanizers 
side-wall  vulcanizer 
vulcanization 


235 
241 
230 
237 

236 
22g 
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Tire  repairs  (continued) 

Page 

W 

Page 

vulcanizing  kettles 

234 

Westinghouse  air  springs 

61 

Tire  valves 

208 

Wheel  bearings 

345 

Tires 

201,  259,  345 

Wheel  pullers 

199,  421 

pneumatic 

201 

Wheels 

165 

Tool  and  material  equipment  389 

commercial-car 

180 

Transmission 

415 

pleasure-car 

168 

system  of 

352 

sizes 

165 

Troubles  and  breakdowns, 

summary 

spring 

185 

of 

344 

troubles  and  repairs 

199 

Tubes  (inner) 

208 

Wheels  (steering) 

135 

Tubing  and  gas  bags 

285 

different  forms  of 

135 

Tubular  axles 

74 

different  ones  for  commercial 

use  139 

bracing  rod,  use  of 

75 

folding 

140 

drop-forged  ends 

V 

75 

throttle  and  spark  levers 
Winton  spring 

Wire  wheels 

Wires 

136 
47 
171 
290,  324 

Valves,  grinding  of 

309 

Wiring 

410 

Volt-ammeter,  use  of 

334 

Wood  wheels 

168,  180 

Note. — For  page  numbers  see  foot  of  pages. 
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